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FORE WORD 

Locliheerl IVEssiles & Space Comp'my (LI'ASC) is submitking this final summary 

technical report Lo the Kational Aeronautics and Space Administration (NASA) in 

compliance wit11 the requirements of NASA Contra-ct NASw-1631, a s  amended for 

Phase B, Section 11, dated 4 Dec 1967. 

This summary volume defines the Integrated Medical and Behavioral Laboratory 

Measurement System (IMBLICIS) , identifies measurement groups of the recommended 

in-flight techniques, analyzes the Apollo Applicatio~s Program (AAP) mission and 

spacecraft aspects of the Ii'lBLI,IS, illustrates the modular station layouts, presents 

the individual contributions of the various data management equipment, a d  describes 

the IMRLIPIS design and its supporting engineering documentation, This supporting 

documentation is presented in the follo~ving separate volumes: 

Volume I Measurement Documentation 

Volume II Mission and Spacecraft Analysis 

Volume LTI Medical and Engineering Reports and Trade Studies 

i ii 
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This repor t  was prepared by a program team (see preceding ptlge) which comprised 

members  of the Biotechnoiogy organization and R&D support organizations of Loclheed 

Missiles & Space Company (LNSC), and representatives of Spacelabs, Inc. ,  a11d 

Beckman Instruments, Inc. as subcontractors in pertinent physiological and biochemical 

instrumentation. 

Program guidance end review were  provided by Dr. W.  M. Helvey, Manager, Bio- 

technology and a group of medical consultants. Appropriate direction was provided by 

Dr .  S. Vinograd, eonti-act monitor for  the Office of Manned Space Flight, National 

Aeronautics and Space Administration (NASA) Washington, D. C .  , and Mr.  Norman 

Belasco, Crew Systems Division, XASA Manned Space Center,  Houston. 

The repor t  preparation was accomplished under the direction of Dr .  G. A. Albright, 

BIBLMS Program Manager. The editor was Leon H .  Goldich, who was assisted by 

other members  of LMSC! R&D Technical Publications. 
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The objective of the Integrated Medical and Beha.viora1 Laboratory Measurement Sys- 

tem (IMBLMS) is the definition, design, development, and flight operation of a flexible 

biomedical research  lsboratory for the Apollo i-ipplicatioias P rogram (,UP) of the 

National Aeronautics and Space Administration (NASA). The program will accelerate 

the development and application of technology required for  acquiring data to establish a 

scientific basis  for assessing the performance capabilities and limitations of man in 

undertaking extended space missions. The IMBLMS is d e s i g ~ e d  to be launched in a 

stowed configuration in a Multiple Docliing Adapter and to be translated through the 

hatches of the Apoilo cluster  and s e t  up fo r  operation in the Saturn FJ--B. The system 

concepr, can be easily adapted to pre-installation in a dry-launched S-NB without 

sacrificing the system's  modular construction o r  growth capability. 

This program dates back to the ear ly  1960's when NASA concern with the sal'ety of 
--- ---------- _____l______ __ _-__ _ ^ _ .----.- - -- - - - - - - <  

astronauts for  the relatively shor t  missions of Mercury, Gemini, and Apollo ;vas - - - -- -- - - ---- - -- ----__ - _- __ A __I---- - -- - --*- 

augmellted by a s imilar  concern about man's  performance in missions of one year  o r  ----- - - - -------- -.---.-~-- - .  
uration. - The shor ter  missions have shown changes in the cardiovascular sys-  

tern, loss of effective blood volume, and loss of calcium and nitrogen from body t issues,  

and it is likely that these phenomena may be aggravated by longer missions. Such 

missions therefore will require, in addition to preflight and postflight examination, an 

extensive on-board measurement capability for  ear ly  detection of trends and a bet ter  

understanding of the basic mechanisms involved. Consequently, this program is of 

major  importance to maintaining astronaut safety and well-being during extension of 

the U. S. manned space program. 

The definition of these in-flight measurement capabilities has been the goal of in-house 

NASA reviews, augmented by extensive industrial studies. NASA has delineated a four- 

phase mBLI1IIS program (Rei'. 1-1) of which LMSC performed the initial portion - 

LQCKHEEB M l S S I L E S  Ek SPACE COMPANY 



Ptrnse A Adi~:~lleecj $jtl~.di@s (1:Zolal;r;) - dirri?rt- 'ti l : jG: i  l : l i jG  (lief. 1-21 . nr~d  under ivhich 2: 

parrrllel s tudy  is ~u i= i . cn i ly  being c~::li,;!et:.d by IAISC for tile I'i~rtse U definition. 

These studies, togc ther with the operational experience derived from the Mercury and 

Gemini programs,  NASA ;nd 'CJ. S. Air Force biomedica.1 ecluipment development efforts,  

and the definition of research  needs, have identified recluirements and provided the 

initial capzbility and direc tion for  dc'irelopment of the LiLIBL.RiS. The DVBLMS is now 

ready to enter  an 8-month Phase C Design Activity in accordance with the LMSC 

Phase C proposal (Ref. 1-3). Phase D, Development and Operation, i s  planned a s  a 

29-month program leading toward flight operations in 1971. 

The MBLMS approach, a s  defined during Phase B, will provide a comprehensise flight 

biomec?ical rneasuren7ent capability designed for  versatili ty, flexil~ility, 3 nd growth ny 

the modular g r o q i n g  of measurement equipment. Space medical authorities generally 

agree on the range of measurements and available techniques required for  in-depth 

study of the effects of extended spaceflight on man. H o ~ , ~ e v e r ,  there is  l e s s  agreement 

on the priority of these measurements, except for  those concerned with safety o r  clinical 

monitoring. Experimental measurement priori t ies  a r e  controversial and highly depen- 

dent upon future experience, making the establishment of biomedical mission objectives 

for  the ear ly  1970's difficult and subject to continued up-dating. Principal Investigators 

and NASA ground monitors will insist  on altering flight-to-flight biomedical mission 

objectives, and redirecting the in-flight measurement program a s  new knowledge be- 

comes available. A modular measurement system designed initially for comprehensive 

capability will be responsive to these requirements, maximize the use of existing flight- 

qualified equipment, and permit growth with the incorporation of advances in bioinstru- 

mentation. The deiinition, approval, implementation, and analysis of biomedical 

experiments will be expedited since Principal Investigators of the space medical spec- 
rs 

ial t ies  will have most ,  if not a l l ,  of their  experimental equipment flight-qualified and 

integrated into a centralized n~easurement  system. The IRlBLMS, modularly coniig- 

used f o r  each mission,  will  optimize the use of common equipment and procedures. 

astronaut/experimenter participation, and data handling of the biomedical experimental 

program. 

LOCKHEED MISSILES & S P A C E  C O E v ~ P A N Y  



-- 
Thc: conlplcte D~UL:I,IS dcsig::ir eo;~ce l i t  consists of 13 mc!i]u'ii.::; ecnl;- :~i  i z ~ d  :!I :I i"\y::j- 

station , and a s s o c i ~ t e d  perlpl-leral equipment (e. g. , ergoil-lcter, ri1li:;s nl-c;~<tir-cri\c~ri! 

chair ,  etc.  ). The PEDM station i s  c ~ p a b l e  of performing ovcr 40 nlc~asulcn:c:lts r s  

compared with the 1 7  currently approved, early A A P ,  in-flight rti~asrareri~cnls.  

Figure 1-1 illustrates the systems engineering advanlages of the fiIHIIMS col~cept  ::s 

compared with the equipment requil-ements for the individuzl flight cxper in~ents  iden- 

tified fo r  the early AAP experiments. 

The AAP and the IMBLMS provide NASA with the first onuorttrnity for a e p n p ~ ; e h e l ~ s i ~ e ~ ,  
-------__l_w .r-wF--v" --.- A. '_"- ->-, rue- -r - .. -- 

experiment program w h ~ c h  will meet  the needs of tile scientific community and elicit 
w_IYr__- .- _--&.."dr-*--9_ a- x--*II ---- L-s-_----_U _ _ __ -. - > - 

LMSC , together with its subcontractors,  Beckrnan Instruments, Tnc. , and -- Spacelai~_sl-- .-- 
--------A 

- -- 
I _ - - ^--- 

Inc. , has performed the basic studies and analyses that have formed a 121.~2 pa r l  of --- ----- -- 
the fomdation and definition of the EdBLMS. This team is novd ready to proceed with 

the design, development, and operation of an Integrated Medical. and Behavioral J,abo- - _I-l_--- - ,----- ___c- - -  - --, -- ---I I C  - - I- f - - 
ratory Measurement System. --- --- - 
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Section ? 

Under the EMBL~vIS Phase B ,  Section II effort, ~neasureinent techniques for the physio- 

logical, behaviorial, a ~ d  biocherniczl elements were reviewed with emphasis on 

pulmonary function equipment, performance evaluation m e t h ~ d s  , and the feasibility and 

simplicity of on-board biochemical measurements. Functional flow diagrams were 

prepared for all measurements. Recpirement allocation sheets (design requirements) 

and equipment block diagrams were completed for the physiology measuren~ents.  Crew 

requirements, critical environmental parameters,  waste management constraints, 2nd 

measurement module requirements were analyzed for the recommerlded measurements. 

2 .1  MEASUREMENT REFINEMENT 

The IR/IBLMS Phase B, Section I effort (Ref. 2-1) resulted in a recommended compre- 

hensive l ist  of biomedical, biochemical, and behavioral measurements, together with 
---a- -A- .- --- - 

- *  - - ,  

the suggested technique o r  methodology of performing each of these measurements under 

spaceflight conditions. These recommendations, along with a NASA -furnished list of 

measurements, were extensively reviewed by the LMSC biomedical team during the 

Phase B, Section 11 effort. A comparison of these two lists, tw-ether with the results 

of the final evaluation and recommendations for in-flight measuremects, is presented 

in Table 2-1. 

The measurements have been categorized under the eight major body-organ systems. 

Where appropriate, the clinical laboratory measurerrlents associated with each major 

group have been listed in a uclinicaltl subcategory immediately below the major cate- 

gory. The nuiiber of in-flight measurements included in each major body orgal; sys- 

tem is a s  follows: 

@ Neurological 7 

@ Cardiox~ aseulaT 21 

2-1 
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e Respii-titory 7 :- 
R d 

@ Metabolic 3ncI x?:ii.itir: 6 ill 

@ E~~;roc~ino!ogic,aI 7 

o Hematological 22 

o Microbiological and &-i;i.rn:~.no!.;igical 8 

@ Behavioral 33 

'3 

Measuremeilts considered fo r  postfii$it anal:;;ls f P P'A) require the collection and p rese r -  = 
vation of periodic biological specimer .~  (e.  g. . un-inc, feces, blood, and sweat) f o r  

re turn  to Ear th  in the Comnlal~d Module (en:) Cryogerlic freezing (-70" C to -100" C)  is 

recommended fo r  preserving these ss. mp! e s  , 31 t i lou~h vacuum drying may be necessary 

for  fecal samples and for  some urine s z n ~ p l e r  to re3ucc recovery paylaads. 

Clinical observation, history, and phj7sic:al t > a r i ~ i n ~ .  tioil constitute an important adjunct. 

The IMBLMS therefore will provide di=lgnoslic instrtm1ectts for  conducting routine 

physical examinations, including nev l-wlogiccl nxd l~e l inv io~a l  testing. Future growth - 
could include medical treatment and biologi:d. r e sea rch  facilities. 

2 . 1 . 1  Physiological Measurements i 
-.s 

em The neurological measurements include the caltabiiity for  conducting the Human Vestibu- 
L-* 

l a r  Function Experiment (M131). E l e c t r o n j ~ s t a g ~ n o g ~ a m s  (ENG) o r  electrooculograins 

(EOG) can be recorded during all  rotational tests .  During electroencephalogram (EEG) p! 

sleep-pattern analyses, the concurrent recording of the horizontal channel of the EOG & 

is recommended f o r  rapid eye move~~le t l t  (REM) activity. 

The evaluation of cardiovascular and respiratoi-y functions frequently requires the 

simultaneous recording of various parame tei-s 10 establish the exact time relationships 

between these parameters  (Table 2-2). F o r  exalllple, a more  complete evaluation of 

the vectorcardiogram, the ballistocardiogr3ri1, o r  tile thoracic blood flow requires 

simultaneous recording of an irulpedatlce pneunlograrn ( o r  other type of spirogram) to 

determine the portion of the respiratory cycle during ivhich they were recorded. 
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X'eurological 

1. Ocular countorroliing 
2. Linear acceleration threshold 
3. Oclllogyl-al iliusion 
4. Visual task with head rotation 

. u "~ 
6. Angular acceleration threshold 
7. Ccrcbl.al electrical activity 
8. Agravic perception of personal 

and extral)ersonal space 

Cardiovascular 

1. ECG 
2. l l c a r t  rato 
3. VCG 
4. PCG 
5. VbCG 
6. BCG 
1. Cardiac o u ~ u t  

1 8. Thoracic b i d  flow 

1 8. 
Arter ia l  blood p r e s s u r e  

10. Central venous p r e s s u r e  

I 11. Periph. venous p r e s s u r e  
12. Iicgional blood flow 
13. Artcrlolar :'eactivitv 
14. Vcnokrs eon~pliancejdistet~slbilit~ 
15. Arter ia l  nulse contour 
16. ~ e s p o n s e  t o  in-flight exerc ise  
17. Response to LBNP 
18. Response to leotards 
19. l lespo~lse  t o  carotid stimulation 

Clinical 

A. Blood volume 
B. Fluid co~npar tments  
C. Urinary mclanephrines 
D. Urinary catecholamioes 
E. Urinary histamines 
F. Whole-blood histamines 

X X 
X X 
X X 
X X 
X X 
X X 

X X 
X X 
PFA@) - 
PFA - 
PFA - 
P P A  - 

1. RcspirRbry r a t e  
2. 1,uag \~ollunes 
3. Gas  now r a t e s  
4. Ailway resistance 
5. Lung compliance 
6. Alveolar ventilation 
7. PcrCuusion-ventilation i a t i o  
8. B/B O2 consumption and C 0 2  produc- 

11. Alveolar/artcrial gradient (a i r  and 
100 percent 0 2 )  

12. Diffusion capacity 

1. Cnrbhydra te  metabolistn 
2. F a t  metabolism 

5. Muscle strcnglb (EMG) 
G. G-1 motility 
1. G - l p ~ w s s u r c  

and C02 analysis with exerc ise  
10. O m l / a r  temperature 
11. Skin temperature (average) 
12. Caloric intakc 
13. Fluid intake 
14. Urine volume 
15. Wet W g h t  feces 
1G. Return a l l  dried feces  
17. Balance studies 

(a) X = RewmmwJed for  in-flight performance 
@) PFA = Postflight analysis on preserved in-flight sample 
(0) Same as f o r  -4 category indicated by Roman numeral 
(d) P-P = Preflight and postflight only 
(e) Conflicts with .NASA rccomlnendation indicntcd under c a i i g o r y  N, Meaeurement 16  
ti) Development mommendcd;  probahilitv of developing acceptable method questionable 
(g) Special dcfinitiwrs for NASA ~ntcgor).i111 recommendations a s  follows: 

1 Clinic&. 2 Scnsory test b t t e r y .  3 Perceptual evaluation. 4 Higher thought 
placesses, 5 Mcmory, 6 Vigilance, 7 Crew intercommunication, 8 Learned 
activity, 9 Time aod nlotion study 

NASA 
nfeas't 

Category 

rv 
- 

hletabolism and Nutrlllon (contad)  

18. Return a l l  food packages 
19. Bone densitometry 
20. Sweat measurement and sanlplc 

re turn  

Clinical 

A. Total body water 
B. Plasma volume 
C .  Urinary creatinine 
D. Urinary nitrogen 
E. Urinary calcium 
F. Urinary phophate 
G. Urinary sodium 
H. Urinary potassium 
I. Urinary chloride 
J. Urinary tnagnesium 
K. Urinary color 
L. Urinary osmolality 
hr. Urinary S. G. 
U. Urinary pH 
0. Urinary glucose 
P. Urinary protein 
Q. Urinarybi le  
R. Urinazy blood 
S. Urinary sediments 
T. Urinary aldosterone 
U. Urinary sulfate 
V. Urinary ketones 
W. X. Urinary Urinary pymphosphates mucoproteins 

Y. Urinary hydroxprolines 
Z. Urinary total amino sclds 

AA. Urinary creatine-creatioine ratio 
AB. \$%ole-blood pH 
AC. \\'bole-blood p02 
AD. Whole-blood pCOp 
AE. Whole-blood bicarbonate 
AF. Whole-blood uric acid 
AG. Whole-blood glucose 
AH. Plasma volume 
AI. P lasma total proteins 
AJ. P lasma protein electrophoreslv 
AK. Serumsodium 
AL. Serum potassium 
AM. Serum chloride 
AN. Serum calcium 
AO. Serum PO* 
AP. Serum phospholipids 
AQ. Serum bilirubin 
AR. Serum cholesteml 
AS. Serum BUN 1 AT. Serum a m .  phosphalaae 
AU. Serum creat.  phosphokinase 

I AV. Serum LDH 
A\V Serum LDli isoenzymes 
AX. Serum SCOT 
AY. SerumSGPT 
AZ. Serum BSP 
BA. Feces  nitrogen 
BB. Feces  calclum 
BC. Feces  phosphate 
BD. Feces  sodium 
BE. Feces  potassium 
BF. Feces  chloride 
BG. Feces  mapnesium 

Endocrine 

Clinical 

A. Urine aldosterone 
B. Urine ADH 
C. Urine 17-hydmxystemids 
D. Urine 17-ketosteroids 
E. UrineVMA 
F. Urine metanepbrines 
G. Urine eateebolamines 
H. Urine histamine 
I. Urine 5-OH lndolacetric acid 
J. Urine TSH 
K. Urine growth hormone 
L. Urine parathormone 
81. Urine insulin assay  
N. Serum T-3 tes t  
0. Serum ADH 
P. Serum parathormone 
Q. Serum calcitonin 
R. Serum glucagon assay 
S. Serum free  Thyroxin (T-4) 
T. SerumTBPA 
U. Whole-blood ACTH 
V. Whole-blood 17-hydroxystemida 
W. \\'hole-blood histamine 
X. Whole-blood 5 O H M  
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fact: and clistr~bution s) stem mocliale, Llic 1oc;iticn and number of display reeordirlr 2nd 

transmission channel requireuzcn~s of 1!2e data ~nal~agement sys tem,  and the locatloll 

of equipment controls and displayz. 

The t e r res t r i a l  pulmonary laboratory uses water-fill-ed spiroineters  for  xneasuring 

lung volulnes and gas flow ra tes ;  cliffusioil techniques involving carbon monoxide, 

a r t e r i a l  punctures, and cardiac-catheterization for  blood-gas analysis; and whole-body 

plethysmography fgr  measurements of airway and pulrnotlary resistance. Xone of these 

techniquzs is considered feasible for  space application. 

There a r e  two techniques suitable for  making IMl3LillIS pUlmonarj~ measurements. The 

technique? usirrg a warerless spirolneter is s imi lar  to clinical methods now employed 

and require only developing equipment for the spacecraft environment. However, the 

equipment is bulky; oxygen replenishment may i n t e r r ~ q t  measurement;  and carbon 

dioxide removal expendables (1 lh/ l  h r )  and cooling may be required. 

A second technique, using integrating flowmeters and a gas anal jzer ,  offers poter,tial 

benefits in lighter and more  conlpact equipment. Iloivever, i t s  accaracy and clinical 

acceptance have not been established. Following the derivation by Kisson, McGuire 

and Sterling (Ref. 2-2): 

Oxygen consumption = - Q [ B ~  N~ - B~ N ~ I  max dt  P 'I 
0 

where 

B~ 
= rat io of the molecular weight of oxygen to that of expired a i r  

B~ 
= ratio of the molec~alar weight of oxygen to that of dry  a i r  

4 - function of the hurnidity of the inspired and expired gas and the 

harometrie  p ressu re  

Ni,NX = tbc mo!c l rac l io r ,~  of oxygen in  the inspired a i r  and e x y i ~ e d  sir 
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digital computer 

Tha pulnionwy measurement system shown in Fig. 2-1 employs integrating flo~vnletei-s 

to obtain gas volumes and 3. mass  spectrometer to obtain the part ial  pressures  of oxygen, 

carbon dioxide, nitrogen, and water vapor. The output of F l o i ~ m e t e r  1 (Fig. 2-1) i s  

integrated by Integrator 1 to derive inspiratory capacity. The output of Flowmeter 2 

is integrated by Interator 2 for  expiratory reserve  capacity, tidal volume,and residual 

volume. 

F o r  measurement of oxygen consumption and breath-by-breath oxygen and carbon- 

dioxide, a mass  spectrometer is use6 to determine the partial pressure  of oxygen. 

carbon dioxide and water vapor. The inlet and outlet oxygen part ial  pressures  a r e  

corrected for  humidity in  Multipliers 1 and 2 ,  a s  shown in Fig. 2-1. The oxygen 

difference is t,.;l.:en in an amp1ifiei;and this difference is multiplied by the m a s s  fiow 

ra te  of exhaled gas. The productis then integrated by Integrator 2 to give oxygen coil- 

sumption. Outputs from the m a s s  spectrometer  a r e  provided to allour breath-by- 

breath carbon dioxide produ.ction measurement a s  well a s  a pN measurement for  2 
residual volume determination. 

2 . 1 . 2  Behavioral lLIeasurements 

The behavioral measurement analysis was extended to verify and refine further the 

measurement profile. A hardware approach was defined which provides a maximum 

of flexibility in behavioral measurements with a minimum of equipment while s t i l l  

accommodating a wide range of behavioral measurements (e . g . , visual,  auditory, psy - 

chomotor , monitoring, and complex processes) .  

A revised list of recommended behavioral measurements,  based upon the current  

analysis and equipment system requirements, has evolved from the previous list. A 
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srmllmary of ti le reeoinm:i~:_c]ecl revised lisi is pi,eseilteici in Taljle 2-3 .  ?'ilc. revisions 

froni the preT,;ious analysis inclLlrie tilc f ~ l ~ ~ x , ~ i ~ ~ ~ :  L , 

@ Additional ,~ isual  measuremei~es 

-a Modification and integration of the psychomotor tes t  battery, in t e rms  of 

equipment implementation, which perriiit behavioral measurements to be 

accommodated through a relstively simple interface. (hleasurenients of fine 

manipulation perceptual cognitive behavior monitoring and intellectual processes 

can be accomplislled through a se t  of signal light and subject response keys. 

Measurement of continuous control behavior, complex mental processes ,  and 

complex perceptual processes can be accomplished through use of a CKT/TV 

display and a hand controller. The combination of the foregoing elerne~lts  

permits  additional measures  of fine manipulation, gross  positioning, time- 

sharing, and monitoring. ) 

o Inclusion of a newly developed technique fo r  assessing complex mental 

processes ,  namely, the COTRAN task developed by Alluisi and described in 

Xef. 2-3  

(P Measurement of gross  motor behavior during the course of physiological testing. 

because physiological s tressing techniques. such a s  use of a hand dynamometer 

and bicycle ergometer ,  a r e  f:rr;ctionally identical to the behavioral tes t  

procedure 

@ Imbedding of psychological tests  with other biomedical tes ts  through fuiictional 

design of the test  procedures to yield stilnulus - response situations having the 

requisite behavioral test  characteris t ics  on a non-interference basis  (e.  g . ,  a 

biochemical measurement and processing task could involve multidisplay 

monitoring and measurement of response speed, whereas performance of a 

data processing task could involve memoiy and mediational processes a s  

well a s  psychomotor behaviors) 

The major resul t s  of thi3 Phase B,  Section II, effort in the refinement and extensicn of 

previous measurement recommendations and implementation methodology a r e  a s  follows: 

"89 Measurement selection has been further  verified against a composite rationale 

of relation to operational function; operational, lecliaical, and scientific utititj ; 

and deriva.tion fro-m developed bel-i.;lvior:rl test  techqiques . 

2-10 
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of a varietjr ol r r , ~ ~ , ? s ~ l i i ' ~ ~ ~ ~ l l t  cccii:tiiiriea, ti rid !~IL'O;I;>:) ; ~ C L L  I : I I ~ ~ c ~ c ~ : L : "  L L ~ I I  ,IS 

separate k-.liav~oral rneasurt:s, ivletlsures ~ h t a i n e d  tilrougll the deslgir of 

IklBI,MS tasks (imbedding), sad measures of performance of other GYIBLMS 

tasks on a ncninterference basis.  

@ The complexity of perfor~nance  rneasuret~lent hardware lias been reduced 

through flexible computer programming and increased hardware and procedure 

con~monality . 

e The number and specification of measures has  been increased. 

@ Each measurement has been defined in t e r m s  of i ts  functional characteris t ics ,  

the method employed and the hardware technique ordi i~ari ly used to obtain 

the measurement. 

@ Behavioral measures  will be derived f rom required astronaut perforn~ance  of 

physiological test procedures. 

e Individual and interpersonal behavior will be assessed through the study and 

analysis of records  of normal operational and communication procedures, 

This effort has yielded a comprehensive behairioral tes t  element capable of sampling 

a wide variety of behaviors which utilize a se t  of developed techniques. Thr~jugh 

computer programming this flexibility is afforded with a minimum of hardware. 

The overall  behavioral measurement approach makes use of other IMBLMS biomedical 

tasks to  provide a substantial augmentation of measurement capabilities. However, 

it is always possible to perform behavioral measurement through the behavioral tes t  

module independent of the other IRiIBLMS tasks.  

2 . 1 .  3 ~ i o c h e m i c a l  Measurements 

The use of automated biochemical procedures for  h e  IIvIBLNIS was compared with 

manual methods. F o r  the clinical laboratory the automated procedures a r e  superior  

to manual analysis in that large numbers of the s a m e  test  may be performed tvith a 
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reiali::ely high d: :Tree of I'r.eedc.ii?? from upcrai-or n;is;ni,:.-,. In ti le Tf,li:L?iSS, 'i:~;:~ v:ir*, 

a mnximum of rhree a i~ :~ ly r ,~bs  uf l1.e s:l!-n.c i~7l.c tv4iZ even bc r~;~cicii:.ecl o i l  tile sarz e d:iy t:r' 

even the same week. Con.sequcntly, the Lull cnyzbiiity 04: auton~ation cannot be rt alized. 

Of the various tyges of nulomated chemical analyzers in existence ioday, none i s  

capable of complete sample processing; they can perform cnly the sillzplest types of 

test;  and all require laree reagent reservoi rs .  In addition to the engineering problems 

anticipated in adapting presently avzilable automated tests  to spacecraft environments. 

o r  in automating new tes ts ,  the cost  of this development would be excessive. For  even 

a simple test ,  such a s  determining the refractive index of urine, develop~nent of an 

automated procedure probably would cost  a t  least  500 times the amount required to 

develop a manual version. Further .  the reliability of an automated analyzer could be 

expected to be considerably l e s s  than deairablc. 

All the biochemical measurement techniques recomuiend~d for  the DIBLMS in this 

phase of the program may be classified a s  manual types. They differ f rom ordinary 

manual testing, however, in that the majority of the manipulations a r e  done lssfoue iift- 

off and a r e  not performed by the astronaut. Single-use test  paclrets with premeasvred 

reagents a r e  proposed f o r  the majority of the tests .  Sample measurement will be 

pe r fo r~ned  by the simple expedient of filling a capillary tube. This concept minimizes 

the possibility of astronaut e r r o r  and also eliminates the possibility of spilling the con- 

tents of large reagent containers. This handling concept should provide just a s  accurate 

and rapid results  a s  automated procedures,  but with grea ter  flexibilit:, 2nd reliability. 

The biochemical measurements (Table 2-4) a r e  grouped according to the basic technique 

employed, and a r e  rated according to their clinical importance and development 

feasibility. 

The basic instruments used for  these tes ts  a r e  not expected to crea te  any inordinate 

development problems. However, the developnlznt of ancillary equipment and k3;t 

techniques for  the large number of determinations is a major task. It is recornlnet~ded 

that laboratory verification of space-applicable techniques in each of the major equip- 

ment categories be conducted during the Phase G efiort to establish basic E~firadliilg 

technology and instrurr!ent requirements. 
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Melsurerneot 
Measurement Devel9p~ilcnt Meast~rement Devzloplncnt 

~ v a l u a t i c n ( ~ i  

Test Tapes 

pH 
Protein 
Glucose 
mood 
Uric acid 
BUN 
Ketones 
Bilirubin 
Color 
Bile 

l\lliscellaneous 

Urinary refractive index 
Hematocrit 
Bleeding time 
Clotting time 
Capillary fragility 
A~icibod; titration 
Total body water 
Prothrombin time 
Proti,ron~birl cac,sumption 
Blood rheology 
T-4 
Specific clotting elements 
Fibrinolytic activity 
TSH 
Growth homone  
Parlthyroid hormone 
Insulin assay 
Glucagon assay 
Calcitonin 

Electropho- 

lmm~lnoglobulins 
Serum proteins 
LDH isoenz)?nes 
Plasma proteins 
Hemoglobin 
Methemoglobin 
Complement titration 
VIVA 
Transferins 

Color imetq 

Calcium 
Hemoglobin 
Bilirubin 
RBC fragility 
Crehtinine 
Phosphates 
Proteins (total) 
Glucose 
LDH 
SGOT 
SGPT 
Carboxyhemoglohin 
Nitrogen 
Fibrinogen 
Cholesterol 

Colorimetry (Cont. I 
Serotonin 
Creatine 
Sulfate 
hfaguesium 
Blo~xl lipids 
Bicarbontie 
Hydrox)yrolines 
Phospholipids 
17-hydroxysieroids 
17-ketosteroids 
Catecholamines 
Parathormone 
Aldosterore 
RBC enzyiiles 
5 - o m u  
Histamine 
ZIucoproteins 
Pyrophosphates 
Amino acids 
ADH 
ACTH 
Metanephrines 
CPK 
Alkaline phcsphatase 

Microscopy 

RBC & WBC rnorpho!~,~ 
Urinary sediments 
WBC differentiai 
Body microflora 
Environmental microflora 
WBC count 
Platelet count 
Reticulocyte count 
Leucocyte mo!>ility 
Lymphocyte karyot:ping 
Platelet adhesiveness 

Ion-Specific Electrodes 

pH 
Sodium 
Potassium 
Chloride 
Carbon dioxide 
Oxygen 

Incubator 

Bacterial culturing 
Clot retraction 
Fungi 
Virus 

Radiochemistry - 
T-3 
TBPA 
RBC mass  
RBC survival 
Plasma volume 

(a) Level of Evaluation: 
5 Highly significant; moderate development effort 
4 :~loderately sigrdlicant; miaierare development effort 
3 Less significant o r  exiensive development eifort 
2 Slajor wchnolcgicsl sdva:iceixent required 
1 Ponsible creacion of healcki hazard 
0 Sample storage required for postflight analysis only 
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require l a b o r i o u ~  extractions and purifications. Karyotyping, leucoeyte motility. 

platelet adhesiveness, and phagocy~osis  activity require a high degree of ski l l  and 

training using presently known methods. 

Table 2-5 represents  a representative measurements frequency schedule for  a typical 

mission of 56-day duration. The various major measu-rement groups have been sub- 

divided into two o r  more  subgroups, in order  to accomplish a better spread of astronaut 

activities throughout the flight, based on a 6-day work week. 

Measurement performance in accordance with this frequency schedule will require 

various expendable i tems,  such a s  syringes,  unopettes, plastic bags, etc  ., which will 
3 weigh approximately 45 lb and require a volume of 1 f t  . Thrce 24-hr urine aliquots 

are to  be collected f rom each astronaut every week and, in order  to permit  performance 

of a l l  r e w i r e d  postflight analysis,  the total preserved aliquot volume shoiild be 40 to 

50 ml .  LMSC recommends that the number of venipunctures for  obtaining blood samples 

be  limited to one every 2 weeks. The comprehensive on-board hematological measure- 

rnents have been scheduled to coincide with these venipunctures, thus allowing the 

on-board tes is  to be performed with the same samples preserved fo r  postflight anfllysis. 

Each on-board and preserved sample requires 30 m l  of blood. 

On the basis  of approximately (1) 0.05 lb weight and 5 in. volume for  each 24-hr 

urine aliquot and each venous blood sample, (2) a dried fecal output of 0.12 lb/man/day 
3 with a volume of 5 in. 3 ,  and (3) sweat samples of 0.01 lb weight and 0.5 in. volume 

each, the total weights and volumes of the returr2d biological samples fo r  a 56-day 
3 

flight, including the storage bags, will amount to 24.5 lb  and 1,272 in. . 

2 . 2  FUNCTIOKAL FLOW DUGRAMS 

The initial. e~lgineering docmenta t ion  step was the establishment of a n  accurate and 

complete fu~~c t iona l  base for al l  recommended mlBE&!/IS measurements. This was 
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The functiosal approach ensured thst the definition occurred on a total system basis  

with full i-ecognition of all  involved principles, p~ov ided  a meaqs of relating h e  func- 

tions to hnsdware, arid established a clear frame of reference for  requirements to be 

used for  communication between the Principal Investigators, the ecluipment developers 

o r  suppliers,  the integration contractor,  and NASA. 

Figures 2-2, 2-3, and 2-4 illustrate the relationship of the physiology element to the 

overall  lTvTBLMS and,through the development of successive indenture levels,  demon- 

s t r a t e  the Irlo\~,r sequence from system level to a group of functions concerned with 

indiviclual ~neasurements .  Three categories of measurements fall within the Physiological 

Measurements (Fig. 2- 2, F~uzction 1. 2). One of these categories, Cardiovascular 

Measuremeats (Fig. 2- 3),comprises three groupings of measurements. O ~ l e  of these 

measurements is to evaluate cardiac dynamics (Function 1. 2 .2 .1)  which is shown in 

Fig. 2-4. This functional flow diagram illustrates the sequential actions necessary to 

accomplish each of the nine measurements concerned with cardiac dynamics. 

2 . 3  REQUIREMENTS ALLOCATION SHEETS 

The medical/engineering design requirements a r e  established by means of the Require- 

ments Allocation Sheets (RAS), which a r e  based on and numerically identified with the 

functional flow diagrams. 

The RAS contains an analysis of each function o r  group of functions depicted on functional 

flow diagram. It is the key document for  identifying and allocating requirements for  

equipment by establishing the relationship of each function and i ts  corresponding r:esigin 

requirements,  including design constraints,  crew requirements, environmental con- 

s t ra in ts ,  and interfaces with the spacecraft and other equipment. Table 2-6 (for  

Function 1. 2. 2 .1.  1) is  i l l ~ s t r a t i v e  of the Recluirements A1loc:rtion Sheet document~tion 
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data on schematic block diagrams,  design sheets ,  .ind specifications. 

2. 3.1 Crew-Oriented Requjrelnents 

The astrocaut/e.;peri~nencer m ~ ~ s t  be trained to identify, re t r ieve ,  assemble,  and 

operate all  major  equipment i tems and prococative tes t  assemblies,  together with their 

appropriate auxiliary equipment, inclrtding the attachment of electrodes and transducers 

to the proper s i tes  on the body. He must be able to monitor the various signals on the 

displays, determine if thc signals a r e  recording properly and, where necessary,  lnalce 

equipment adjustments and calibrations. The techniques of handling and preparing the 

various specimens, utilization of the instruments, and assessment of the appropriateness 

of the recorded tes t  resul ts  pertaining to the biochemical m e a s u ~ e m e n t s  will require 

training to the level of a laboratory technician. 

Use of the telemicroscope would reduce the training level required for  microscopic 

examinations of blood and urinary sediments and provide ground observer near  real-  

time images for  more detailed study. Certain provocative tes ts .  such a s  the applica- 

tion of lower body negative p ressure  (LBNP) may require the presence of an astronaut/ 

physician. A physician crew member will reduce the training requirements for  the 

other astronauts.  The IIIIBLMS on-board data display and computation capability \vill 

permit  the astronaut/physician to assllme a more important role in relationship to 

ground-based Principal Investigators, by means of on-board data evaluation, compres- 

sion, and in-flight redirection of the experimental program. 

2 . 3 . 2  Waste Management Requirements 

The method used for  the collection of urine must be hygienically acceptabie, with e-?ch 

astronaut having his own urinal. The urine samples to he taken for  on-board analysis.  

and those to be preserved for  postflight analysis must be uncontaininated, undiluted, 

and f r e e  of additives whicll might interfere with the accuracy of these analyses. 
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If a eornlxlon receplacte i s  ased LIZ IRC urii-ie .;lcl.rn?e m;,ssurcrciecL cle i lcc:, itshitu~lid 'x~e 

provided :I. r i i l ~ i ~ ~ o  D -3  e:lblen~ to urc-+;r:~t btlc",erb,:l g r ~ : ' ~  ~11 3:ld ac.e:iir:ulatio:: 9: ::;;1;3:-y 

sa l t s .  Aliquots of 24-hr urine samplzs should hc frozen than vacuum-drir.,! for 

more accurate postflight ana lysjs. Similarly, the tfweighing" of moist  fecal specimens 

requires individual collection and subsecluent individual mcuwn drying for  postflight 

analysis. 

2 . 3 .  3 Crit ical  Environmental Pa ramete r s  

The environmental prtrametzrs a r e  usually considered along with the life-support sys- 

tem and include cabin pressure ;  temperature;  humidity concentrations of carbon 

monoxide, carbon dioxide and other contaminants in the cabin atmosphere; radiation 

level; acceleration; noise, and vibration. These parameters  provide the ear l ies t  

indication of the existence of unacceptable conditions in a h a l ~ i k b l e  environment and 

a r e  a n  important consideration in the interpretation of biomedical experimental data. 

Certain biomedical procedures. (e g. , pulmonary function studies and exercise evalua- 

tion) require a more  accurate measure of environmental parameters ,  such a s  cabin 

p ressure  and temperature, than normally provided by the vehicle life-support monitoring 

system. A summary analysis of the cri t ical  environmenL31 parameters  is presented 

in Table 2-7. 

The Requirement Allocation Sheets will identify these additional environmental sensor 

requirements (e. g. , cabin temperature and p ressure ,  O2 and CO concentration, and 2 
water  vapor pressure)  for  inclusion in FMBLMS. 

2 . 3 . 4  Measurement Modular Requirements 

The design of a flexible and modular IMBLMS requires definition of the scope o r  

comprehensiver~css of the system and the deve topment of logical groupings of measure- 

ments by commonality and sophistication of function and purpose. A basic function of 

LRIIBLIfiS,in addition to providing experimental capability, i s  to ensure the safety and 

well. being of the astronauts. Table 2-8 categorizes the anticipated effects of extended 
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Table 2-7 

Environmental Para-meter - 
Czbin Temperature 

Cabin P r e s s u r e  

Cabin O2 Concentration 

Cabin C 0 2  Concentration 

Cabin H 2 0  Vapor P r e s s u e  

Contaminants 

Radiation 

Surface Temperature 

Noise 

Acceleration 

Vibration 

Wide variations about OIVS possible 

On-board gross  system monitor present  

Affects respiratory evaluations 

Affects respiratory evaluations 

Affects thermodynamics during exercise 

Pr imar i ly  safety consideration 

Pr imar i ly  safety consic!e:atio~~ 

Alone, not pertinent to In'IRLMS 

Not anticipated to be a problem 

On-board system provides data 

Not anticipated to be a problern 

-- 
Priori ty 

1 Nonavailability could affect value of certain IMBLMS measurements 

2 L e s s  effect on IMBLMS measurements than Priori ty 1 i tems 

3 IMBLMS measurements not affected o r  obtained by suitable accurate spacecraft 

systems 
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spnceiligilt and tabt11:itcs tbe mcastarcli c ~ t s  ~ i t i i :  ec~irij?n~enk reqirired tor- s ~ l i e l y  oi.' 

cliilieal monitoring of the ascr.o!wuts, Zl~esc eciuipmerrl requireluents  forr;; tlie tr3sis 

fo r  initial modula:. grouping. Sl~eciffc mission req,irrements such a s  the ~ y n c h r o n o v ~  

orbit,  where hematological effects of radiat;on exposure a r e  of princip?l concern, 

provide aclditional constraints.  The desirability of grouping measurei l~ent  capability 

by major  body organ sys tems influenced the modular assignment of the clinical 

monitoring ecpiplnent to facilitate the logical addition of experimental equipment. Data 

management equipment was centralized and grouped by increasing capability to meet  

the grea ter  needs of the comprehensive measurements and to complement the skills of 

the astr-onaut/experimenler. The allocation of measuvelnerlt functions to modules 

based on human factors  consides:~tions, equipment installation v o l ~ m ~ e s ,  envelopes, 

and panel a rea  constraints a r e  discussed in Section 3 of this volume. The grouping of 

major orgar! system equipment a s  discrete modular and submodular entities perinits 

extensive experiment investigation of orne o r  more  organ system consistent with AA4P 

mission objectives and spacecraft constraints,  and will permi t  future growth, sub- 

sitution, o r  modii'ication as r e w i r e d  for later  experiments. 

2 . 3 . 5  Engineering Doc.mentation 

The documentation required will vary considerably, depending upon the development 

status of the equipment that will satisfy the medical/engineering requirements. As soon 

as the documentation effort has  identified each element of the lillBLRIS system, a 

decision must  be reached regarding the adequacy of existing flight-qualified hardware 

o r  the developmental s tatus of individual items of equipment that will satisfy the require-  

ment. The engineering documentatinr, for  a specific item of equipment will normally 

proceed to the poi& where flight-qualified equipment can be identified in the RAS and 

specifications a r e  available. At this point, the contractor end item (CEI) number will 

be entered into the documentation, and the specification for  that i tem will then become 

a pa r t  of the documentation. 
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~ h t .  longer the end-item Ie:;ld time to f!lgilt c,u;liiicil?,ioa, t i le rriore complex ike docu- 
T % 

I 1 e llris mcreasxlzb eoan,?lt.xi", is i n  &he foiiotvtng ger?c.rd cycler: 

(1) ground-b,zscd !:ibor:~tory equ ip len t  that mast be fliglit-quzlifid, ( 2 )  ground-based 

laboratory equipment that must  be modified an3 then flight-qualified, and (3)  new 

equipment requiring development, testing, and qualification. 

For  undeveloped items of equipment, additional documentation norxrlally prepared will 

include equipment block diagrams, scilematic block diagrams ( l s t ,  2nd, and 3rd levels),  

design sheets ,  and design sheets assembled into a procurement specification fo r  equip- 

ment modules. A s  additional information is developed on an end item of equipment, 

the BAS will be revised to include detailed equipment specifications. 

2-31 
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Section 3 

MODULE AND CREW REQUIREMENTS 

AAP guidelines indicate that experiment equipment will be stowed a t  launch in e q e r i -  

lnental canisters  in the MDX and later  translated into the OSVS for  experiment oyzration. 

The Phase B. Section I effort resulted in the recommendation that the IMBLMS 

~h~siological/~ehavioral/~ata Management (PBDM) and Biochemical stations be 

designed a s  an integrated p a r t  of an experimental canister  (Fig. 3-1). The difficulty 

in transiatlng large m a s s e s  through AAP cluster  h2tches - a s  demonstrated in recent  

NASA/USAF, zero-g, parabolic translation experiments - and the need for  providing a 

more  centralized and flexible station designed for  optimal astronaut performance in 

the zero-g envirotmment have resulted in the evolution of the coclqit ,  o r  wrap-around, 

station layout (Figs. 3-2 through 3-5). The layout of the crew station permi ts  the 

tethered astronaut to maintain his  operating attitude in a relaxed, zero-g positisr, 

without any physical exertion. All displays and controls a r e  well within the des i red  

visual cones and reach envelopes of the operator.  The experimenter can view the 

subject and measurement-related module displays and controls simultaneously. LC 

the station is placed in the center  of the OW§ experiment a r e a ,  he can see  the sr;Sject 

over the top of the experiment station. 

3 . 1  MODULE REQUIREMENTS 

To ensure the practicality of assigning measurement functions to modules, specs ied  

module sizing was based on such factors a s  equipment and component envelopes. rack 

mounting, transportability, and standard racking dimensions. Basic module s i z e s  

were established a s  follows: (1) major module, 19 by 19 by 18 in. , (2) standard module, 

9 . 5  by 9. 5 by 18 i n . ,  and (3) submodule, 4. 75 b y  9.  5 by 18  in. A few modules --$;>ich 

adhere to the standard multiple of 1 9  in. a r e  somewhat specialized due to u n i q ~ ~  

equipmr nt configurations (Fig. 3-6) ; for  example, the biochemica.1 centrifuge r s x i r e s  

a module envelope of 1 9  by 1 9  by 4. 75 in. because of the centrifuge a rm radius 
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Fig. 3-1 IhTBLKS Initial Modulator Elevator Concept - Station Lzyout 
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Fig. 3-2 Zero-G Body C ~ o ~ c i i ~ l r t t ~ ~  
System 

Fig. 3-4 IMBLMS ~xperi rnent  
Station - Optimum 
~xperiment/Subj ect/ 
Module Relationship 



Fig. 3-3 Astronaut in Rela:ed 
Zero-G Position at 
Candidate IhIBLlIF 
Experiment Statloll - 
hIoc1ule Xri-angeltncnt 
f o r  Optimulx S7i:;unl 
Cone and i4stronaut 
Reach 

Fig. 3-5 I?rTRL3TS Experinlellt Station - See-Over 
A r ~ ~ ~ l ~ g e r i ; c n t  to I'<icilltLitt, $il!:ject !?i,serx, ~ ? t i < > ? ~ i  
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I lTeasure i~~c~t  ~ 'qi~iprneni ,  n a s  g r ~ u p e t i  into nirdtrlcs anti subtnoduies ioi. c:ieh oi t?ie 

major bocly organ s y ~ t e z n s .  'i'ilis ty,x of >iiocatlon permit:, nr;.l;lrnul:> :~;c:L~;ar~ill~i~C 

flexibility since cc ~y required measurement modu1c.s and submociules need be flown 

to meet  rnisslon objectives. In the physiolo,q element, for example, blood-gtis 

measurement functions a r e  separated frorn the standard respiratory inensurement 

functions; and, in the biochemical element," the colorinleter and hematocrit measure-  

ment functions have been separated frorn the electrophoresis and thi? ion e lec t~*ode 

equipment. This subgrouping and arrangement of organ system equipment facilitates 

the integration of a clinical monitoring station (Fig. 3-7). This station provides the 

minimum number of modules and stowage capability required for  safety l~lonitoring 

during extended flights. 

The data management element (Fig. 3-8) was designed in modules and submodules to 

facilitate a building-block approach - f rom a simplified, minimal medium (biomedical 

tape recorder)  to the more  sophisticated capability required for a comprehensive 

ITABLMS. The video recorder ,  t imer unit, pr in ter ,  memo-recorder,  and manual data 

entry unit a r e  submodularized. 

The design of the Biochemical crew experiment station permits  its setup in rile OWS 

waste management compartment. This feature ensures  that, in the event of liquid 

spillage, the filtered waste management compartment will conta.in the liquid and 

process  i t  through the f i l ter  and duct system. Figure 3-9 shows the Biochemical 

station in a mocltup of the OWS waste management compartment. The station has been 

designed to minimize its volume requirement, thereby permitting i ts  installation in 

this a rea .  Further ,  since s o  many of the determinations require the use of stowed 

items, the supplies and smal l  equipment a r e  located in a storage module and positioned 

optimally to the right and a t  an angle providing eas ie r  access to and handling of these 

i tems by the astronaut. 

The PBDM station is shown in Fig. 3-10. The design layout of the II\IBLMS stations 

facilitates modular interchange, a s  well a s  add-on growth. The modules can also be 

mounted very easily in a lightweight tubular r ack  in a d r y  OIaVi;S, and st i l l  proiride the 

modular flesi'uility with airnost no penalty to the s y s t e n  cornpared :vith a i i x~c t  s t ~ t i : ; : ~  

concept. 

L O C M H E E D  MISSILES & SPACE COMPANY 



Fig. 3 - 1  IhIBLAIS Clinical Alonitorij~g SSetttioil - 3 2  s i c  Ccnfiguration 
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Fig. 3-8 IMELMS Data Management Element - Modular Config~rat ion 
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Fig, 3-9 IX'IRLillS Biocl~enlical Experinlent St?:-ti011 in O\VS Waste 
Management Conlpartment 

Fig. 3-10 T3IULIZ.IS PUDM Esy?rin:ent St3tion in OWS Crew Compartment 
Experi lnent iZrea 

3-9 

LOCKHEED M I S S I L E S  & SPACE COMPANY 



lvot.ItsirefL" is pro\ idcci, witbitl ~ i ~ l ~ i c  It 1~3 i~ . ! i i / l g  i ~ ~ s t r ~ ~ r n e n l r s .  pfio~eciusleb, anti log.: c;:n 

i_re stored. Each ststion is designed io f r t  th2 IUtb to 9 0 l l  gercentiie o i  tlii! ;islroilaut 

user population in a 2 6 ~ 0 - g  mode. Simple, qulei i-disc~~lnect  c o ~ n c c t o r s  are employcri. 

~~nsnr /ves t / ins t run len t  s torage (PBD;VI: station) is located in an a r e a  which facilitates 

ease of attachment to the subject and which positions cables, hoses,  and umbilicals 

out of the way. Modules a r e  designed for  rack  interface so  a s  to be easily removable 

and replaceable from the front once they a r e  disconnected. Rack structure is provided 

fo r  addition and growth of modules. The module sltins protect the internally mounted 

equipment and components, thus eliminating the need for  canister  housings fo r  MDA 

installation. 

3 . 2  MODULE PANEL CONFIGURATION 

Full-scale mockups of each module and submodule were fabricated on the bss i s  of s tudy  

of the measurement function allocation. These mockups were used to evaluate the 

internal envelope adequacy and to develop detailed, full-scale panel layouts. The 

module and submodule mockups and the panel layouts were assembled onto the crew 

experiment station racks  (Figs. 3-11 and 3-12) to verify: (1) location of displays and 

controls within the visual cone and reach actuation envelopes of the astronaut,  (2) 

arrangement of displays and controls in proper relationship to related module counter- 

parts ,  and (3)  positioning of displays and controls positioned on the panels for  masi- 

mum ease  of operation. 

3 . 3  TRANSFER O F  IMBLMS FROM THE MDA AND SETUP IN THE OWS 

3 
At  liftoff, the IMBLMS experiment equipment is installed in the MDA, in which it  r e -  

mains on orbit until the OWS is made habitable, and the equipment can be transferred to 

and setup i n  the OWS crew experiment compartment. The PBDIlI and Biochemical 
13 
; 3 
i fi 
Bs-- 

stations a r e  mounteci in the MDA in such a manner that, i f  the OWS should be uninhabit3ble, . - 
2-3 

both stations could be operated. f <  
b 
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Other 1-113101- peripher31 f c ~ ~ ~ j j i i r ~ c ' : ~ t  iteill;-. li?,it art? lar.g;-er t i z ' i ; ~  i h e  1n;tjor moclules  re 

installed an spcei2i racks or i n  e;jnister,; w l ~ h i n  ti-tc: $,IDA., &:rtcii of these hvge i -  i tems 

is I r a~spo r t sd  indivrdu2il!y fronl ti12 M i i A  to the O\TS m'-i ~ ~ O U I I L ~ ( ~  in its approprrai e 

location in the crew compartment. The simple, tubular-frame racks for both of  lie 

experiment stat io~ls a r e  pre-installed to reduce astronaut setup time and effort. Two 

alternate concepts a r e  recommended to accomplish equipment transfer through the Air- 

locli Module (AM) and down the "firemm's" pole into the OViS crew compartment exper- 

iment area .  The f i r s t  is a one- o r  two-man transport mode using pistol grip itstud 

guns" which attach themselves directly to the experiment package. Irl addition, a s t rap  

and handhold on the r e a r  of the package (shield approach) can be used. The other con- 

cept is an 1,MSC-developed technique, involving a dumbbell-bar approach; two packages 

a r e  cainected by a tube with a pistol grip. This method permits the ecluipment to be 

held as close as possible to the center of gravity, and provides visibility when translat- 

ing the tLvo packages. 

The data management module group is removed from the MBA mounting rack and 

transferred to the pre-installed mounting rack in the OWS. It is then secured to the 

base,  and the astronaut returns to the MDA. The remaining four modules of the PEDM 

L-- ion, a r e  removed from the MDA mounting rack,  assembled into the transport configurqt' 

transferrecl to the OWS , and remounted on the station rack adjacent to the data mafiage- 

ment modules. Power, data management, and communication lines (pre-installed o r  

se t  up in the OW§ by the astronauts) a r e  connected to the appropriate modules of the 

experiment station. The cables and lines of the IMBLMS modules a r e  next intercon- 

nected, and the front profcctor panels a r e  removed from the modules. The work sur-  

face a r ea  is folded down, completing the setup operation. 

The Biochemical station setup is identical to that just described except that the mod- 

ules a r e  installed in the waste management compartment of the O W S .  The Biochemical 

modules a r e  also mounted on a pre-installed experiment station raclc. The connectors 

a r e  mated to the waste management a rea  interfaces (vacuum, urine and fecal coliector 

etc. ) ; the cables and lines of the n~odules a r e  interconnected; the front protector panels 

a r e  removed; and the worksheif is unfolcled into operating position. 
-3. il >- 1 */L 
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The cIyt1~111ic phy~iolog3c r-iloriitor, and poss~i,/y tivo to three Biocliei;lieaI ~ l ~ o c l u l e s ,  iliaj 

be used in Iocatians cthe;,. than in Lht: ALDA ol OTI-S, LI the case of 1 1 3 ~  ~ i y m l ~ ~ i c  ~ I I ~ S L O -  

logic monitor, sil.igle mounting brackets will be ~ r c v i d e d  in the i?&I (to permit eval-1,~- 

tion and safety monitoring of the EVA a s  trvnaut) and in  the Command Module (CM) for 

safety monitoring. The Blochemical modules n ~ a y  be used on the synclironous-orbit 

flights, and could be located in the Refurbished Cornmancl Module (RCJI). These mod- 

ules a r e  generally 9 . 5  by 9 . 5  by 18 in. o r  l e s s ,  thus ensuring that they can be easily 

transported through any of the spacecraft hatches. 

3 . 4  N A  AND EVA EFFECTS ON IMBLMS 

There will be minimal EVA effects on the IMBLMS, since the crew will not be per- 

forming specific IMBLMS experiments while outside. 

Two crew members will be associated with the EVA (one in the airlock and one outside 

the vehicle) while the other astronaut is in the C31 monitoring the cluster system. 

Some biomedical safety measurement will be performed during EVA, and the dynamic 

physiologic monitor will be transported to the airlock (thus possibly involving vacuum 

use) for  the internally stationed astronaut to use in nloilitoring the crewman perform- 

ing EV tasks. Still under consideration is the questim of whether near-fielcl telemetry 

o r  umbilical signal routing will be employed. and the decision could affect IRIBLMS de- R :L 
sign. In all liltelihood, all  tasks associated with rendezvous and spacecraft docking 

will be conducted with the crew in the CM, for reasons of safety. 0 
In total,  there appears to be little EVA effect on the total IhIBLMS, particularly dur- 

ing the early Cluster A and B flights. 

Intravehicular activity could affect the IMBLMS, particularly those measurements as-  !-? 

sociated with respiratory functions in which the environment of the OlVS experiment 

a r ea  will have to be monitored closely and cannot be changed significantly during the 

measurement task. Experiment setup and conduct of non-IMBLMS measurements 
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could :ilsn alleet, Ilic 1?!?3L?+IS, tl:~pe~:cii;ig cr=l t h ~  rikituri~ of 1112 t:>slr, e .  g .  , L.i~i~ar 3Tc:litlc.:' 

Apolio Teie~ccq>c ?~l~l i i l t  (ei%U/rlT 11) S~'ZL"CU.L';~I~ ~;+ ' l i l i l l~3t i0l l  2nd O ~ ~ C I I I C L ~ ~ O ~ .  1 > l ~ ~ - i  i-2 

L'i\lI/XT&l soi:ir ~ n o a i ; i ~ ~ ~ ~ m c r ~ t s ,  cornp!clc: crew rliiiesccnce r?i~xst be n ~ a ~ r i t ~ ~ i ~ j c r i  i o  as- 

sure telescope j ~ i l ~ l i l l g  accuracy. lriilcri inciivic2irttl astr*onatits arc ccnc!ucting eswrri- 

ment activities in two sepzrate fields ( e .  g. , IIIBLhTS and a ~ t ~ o p h y s i c s ) ~  competition 

may a r i se  for power, data mallngement processing, comn~unication , etc . Furthermore, 

the necessity to perform a non-II~IBLMS measurement, in any a r ea  other t h m  where the 

IMBLhIS may be s e t  up, reduces the availability of subject personnel. If remote nion- 

itoring of an astronaut in the Cluster is desired (e. g .  , in the C M ) ,  i t  will be necessary 

to transport an IMBLhlS module to the site and s e t  it up. Also, the scheduled use of 

the food and waste management compartments will influence IMB1,MS activities. Work/ 

r e d s l e e p  cycles a r e  i m p o r t a ~ t  to tlie measurement frequency and subject availability, 

a s  a r e  the operational and housekeeping duty cycles. 

3.5 PRELI&IIN-ARY OPERATIONAL ANALYSES 

There will be no crew interface with IMBLMS experiment ecluiprnent on the pad prior 

to liftoff, nor any involvement during the launch and orbit-attainment phases. In orbit ,  

standard orbital setup operations will precede any scientjfic o r  engineering experiment 

programs,  as  will rendezvous and docliing of spacecraft with the Cluster. It is aiitici- 

pated that 2 ta 3 days may be required to se t  up the Cluster in ail operational mode 

after which the crew can initiate experiment programs. 

If a LM/ATM vehicle is involved, considerable time will be required initially to s e t  

up and stabilize the spacecraft,. Should the mission phase under consideration be a 

typical resupply/crew-rotation flight, there will be only a nli~ior delay (1 day o r  l e ss  

expected) ill reactivation o r  continuance of the experiment program. It is anticipated 

that every seventh day will be allocated to ininimum astronaut participation to permit 

r e s t ,  relaxation, and change of routine. Previous LhlSC Biolabs time-line studies 

(Ref. 3-1) indicste that approximately 38 perce-lt of the total available experinlert 

time in a 45-day flight will be required to conduct a !!conlpletef! KXSA-defined 
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, 'omedit tbl,h~eliavj oral me2,srrrernent progra rrl . There npp!x.rs to bo no :~ccluirclnc.:~t 

'*ir real-time dat2 mar~ngerncnt durn!, l o  the ground, so i l l ~ t  s t~ t ion  contact. ; ~ C ~ C ~ J I L I I C  

.ripositions a r e  recluceri. 'I'o1v:trd the end of thc: nlission: 11rght samples and c je~n fo 

-,T returned to the %round \ r i r i l i  be kans fe r red  fvonl :ne e s~e r i l nen t  a reas  to the Ci'iT anrl 

:;towed. The crcw will then initiate pre-rnentry procedures, and the countdov,n will be 

-,tarted. From this point to recovery, tlie crew will not be involved iii the measure- 

,,nent program o r  with samples o r  data acquired on orbit. After splashdown o r  touch- 

,,-mn, the recovery tea111 probably will be responsible for the r e i ~ ~ o v a l  of samples and 

.;.ata from the C31 for  ultimate transportation to the appropriate receiving facility. 
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Section 4 

MISSION AND SPACECRAFT ANALYSIS 

The Cluster X and B n~iss ions  and five associated spacecraft a r e  analyzed in this 

section a s  they relate to the IAIBLilIS esper in~cnt  and measurement program. The 

five spacecraft a r e  the Refurbished Comnzand and Service Module (RCN); Lunar Mod- 

ule Laboratory (LM- Lab) ; Multiple Docliing Adapter (>'IDA) ; S-IVB Orbitzi Wor1;shop 

(OWS), wet concept; and S-IVB Orbital 1Vorkshop (OTI'S), dry  (or ground-fitted) concept. 

4 .1  CLUSTER A AN13 B MISSION ANALYSIS 

The I&lBL?vIS currently is identified with the AAP Cluster B flights in 1971 aild beyond, 

although selected portions of the system could be available for ear l ier  flights i f  it is 

developed on an accelerated scheclule. The Cluster concept is basically the on-orbit 

rendezvous and docking of several  spacecraft with an S-IVB spent stage; this stage 

iilcorporates an Airlock Module (AM) ancl MDA which a r e  integrally fitted into the 

S-IVB Saturn LM Adapter (SLA) a t  lift-off. These spacecraft (CSM, Lh2, RCTVI, etc. ) 

a r e  launched and rendezvous with and docl; to the MDA, resulting in a clustered con- 

figuration of a variety of orbiting spacecraft. The S-IVB spent stage i s  made habitable. 

and the entire cluster assembly is employed a s  an operations and experiment r~rbital  

station. 

4 . 1 . 1  Cluster A Mission 

The Cluster X mission is composed of five flights employing an S-IVE spent stage 

(OWS) , MDA, AM, Lunar Module/Apollo Telescope Mount (LT\I/ATM) , and maillled 

RCM. These flights a r e  planned for the period from 1969 to 1979. The crew sizc is 

three,and the circular  orbital altitude is plaimed a t  approximately 210 nm. Flights 

AAP-1 and 2 a r e  scheduled for up to 28 clays. Current plans call for an RCfill visit  to 
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tire Cluster dtiring <a 36-day rna'ssiorl, wiiLi~ t h e  ernpfiasis on hiomrciir:al r.c-perin1ent:~tion 

Flights AAP-3  and -1: are  scheduled for up to 56 ikivs, l b ~ t i l  major  e ~ n y h a s i s  on ssi:er 

astronomy and bio:~.edical experiments. A mission profile for Flights ii,\P-1, 2 ,  3 ,  

and 4 is presented in Fig. 4-1. Flights AAP- 5, 6 ,  and 7 will revisit  the cluster for  

periods up to 56 days. 

4 .1 .2  Cluster B Mission 

The Cluster B mission is in the early planning stage and, therefore, only meager de- 

tails a r e  available. Initially, i t  was conceived that this program would be a 10-flight 

mission beginning in 1970 and continuing until late 1971. The cluster would employ an 

S-IVB OWS, MIIA, AM, and IAiI, and a Logistics Cornmand ancl Service RiIadule for r e -  

supply. The cluster would be placed in a circular ,  260-nm orbit; tentative plans were 

to use the OW§ for 2 years .  Resupply flights would occur every 90 days, with potential 

for  crew rotation; crew s ize  has been estimated at  from three to a s  many as nine men. 

The Cluster B mission will provide the f i r s t  r ea l  opportunity for a comprehensive 

space biomedical evaluation, considered a primary mission objective in view of the 

goal of space missions of 1 to 2 years ,  

Although mission plans and spacecraft selections a r e  indefinite, it can be assunled 

for m1BLMS planning purposes that either similar vehicles identified for Cluster A 

o r  vehicles of greater capability, such a s  a dry-launched S-IVB, will be available. 

4 .2  A A P  CLUSTER SPACECRAFT 

Five spacecraft associated with the cluster concept have been investigated a s  IMBLbIS 

ca r r i e r s :  RCM, LM Lab, MDA, wet OWS, and a dry (ground-fitted) OWS. OV'S offers 

the most advantageous vehicle for  performing IMBLMS experiments on orbit (see Sec- 

tion 6.10). The dry-launched OWS provides the greatest reliability, since IMBLMS 

equipment could be installed on the ground in the operating configuration, and checked 
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S-IVB ORBITAL 'jl/ORKSHOP 
EXPERIMENTS 

---_ 
I 

- - - _  
RENDEZVOUS OF 
AAP-2 WlTH AAP-1 I 

I 
1 UPTO 6 M O  
I UNMANNED 

STORAGE; POSSIBLE 
AAP-2 I REVISIT BY AAP-3A 

I (CSM, 56-DAY MISSION) 
I 
I 

TlME (DAYS) 

(a) FLIGHTS AAP-1 AND AAP-2 

S-IVB ORBITAL WORKSHOP 

- - - - - _ _ _  
RENDEZVOUS OF 
AAP-3 AND AAP-4, 

I 

AND WlTH ON-ORBIT I 

CLUSTER I 

I POSSIBLE REVISITS 
I BY FLIGHTS AAP-5, -6 
I A N D - 7  

I 
AAP-4 (LM AND ATM) 

TlME (DAYS) 

(b) FLIGHTS AAP-3 AND AAF-4 

Fig. 4-1 A A P  Mission Prof i les  
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out and m;tcic ready Cor u~ljiization t?ln~osl irnmeciin"cely after attairunent of orbit.  The 

other spacecraft, in o r d c r  of prrlerrcrj use for 111 BI,II:S arc the ;ilDA, RCAI, :iod 1,:: 

Lah. The hl l ik providc,~ :idequate volume for  tile eoizduct c;f IM3L5IS exper iinents 

(with the possible exception of the REVS e ~ p e r i m e n ~ ) .  Deployment oi' IMBLIS in tE,e 

RCM would allow only minimal room for kvo astronauts and no other experimental 

equipment. The I,M has inadequ3te free-swept volume to conduct IMBLiLIS experi- 

ments with large items of peripheral equipment (e.2;. , LBNP) . 

4.2.1 Lunar Module Laboratory (LM Lab) 

At present, there appear to be no specific plans to refurbish an LM to develop a "gut- 

ted" LM Lab. Current AAP mission planning calls for the utilization of an LRI, with 

minimum modifications for support of the ATM experiments. The LM would house the 

display and control station tised in consort with the ATM experiments. The ATM would 

be mounted baneath the LM, in place of the descent stage, in a rack structure. Thus, 

the LM/AT&I i s  used principally in support of solar experiments for observing, mon- 

itoring, and recording solar phenomena. 

In the event a gutted LM were to be developed for an AAP experiment laboratory, 

several modifications would be required - such a s  removal of Lunar-oriented guidance 

and navigation equipment, removal of the ascent-descent stage, positioning of a plate 

over the ascent engine cover, etc. These modifications probably could not be made at 

Cape Canaveral and would necessitate factory implementation. There a r e  two principal 

experiment a reas  in a gutted LM Laboratory which might be considered for IMBLMS 

experimentation. The first is the main cabin area,  which contains the main lunar de- 

scent display-control panel and includes the viewing ports and egress-ingress forward 

tunnel and hatch; the main cabin is approximately 90 in. wide by 35 in. deep by 80 in. 

high (146 ft3). The other area  is the midsection (adjacent to the main cabin), in which 

the crew-transfer/docking tunnel and engine cover a r e  presently incorporated; the mid- 
3 section i s  approximately 58 in. wide by 54 irr. deep by 60 in. high (96 ft ). The mir!sec- 

tion and main cabin walls are not flat so that equipment installation presents a problem, 
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:~ucl cor:sii!crahle 01-],it-recl~rired elec tri e;; l :iizii envl rnnuncr~tal ilcjtiiprnent 1s rno:rnted on 

the ~;l.alls. The dociting tirnnrl hatch i s  ep;21-oxsmr;tek 30 i l l ,  in difimetel-, w?;.iiiil somn - 

 hat reduces the size of experiment p ~ c k q c s  wi-iirh can be trallsported into the 

laboratory. 

The larger  i tems of Tr\llBLIllS experiment equipment -- e .  g . ,  rotary chair ,  m a s s  mea- 

surement device. LBNP, ergometer ,  etc .  - requi re  too much volume to stow in the 

LM Lab. Furthermore.  it is highly questionable if there is sufficient free-swept 

volume available for  their use .  Transfer  01 these i tems from the MDA into the labora- 

tory might ?rove difficult because of the smal ler  hatch s ize .  It is also doubtful that the 

IMBLMS experiment crew stations, peripherial equipment, large experiment equip- 

ment i tems,  and two men could function adequately in the LM Lab. 

4.2.2 I le f~rbished Command and Services Module (RCM) 

The RCM is derived from the Apollo Block I1 CM tl~rough the refurhishmerit of a pre-  

viously flown vehicle. With the removal of the crew couches, approximately 40 ft2 of 
3 "standup" a r e a  is available, and nearly 360 ft of f ree  volume is exposed by removal 

of non-essential equipment. Sufficient f r ee  volume exists for experimentation employ- 

ing the use of measurement equipment which requi res  large free-swept volumes. These 

i tems could be transported to the RCM from the MDA for  experiment use ;  however, if 

they were  left within the RCM, very  little ext ra  volume would exist for  other engineer- 

ing o r  scientific experiments using equipment requiring large freeswept volumes. WlSC 

has  constructed an RCM mockup for  evaluation of experiment station layout and has 

identified three major a r e a s  of potential equipment installation against the bulkheads 

of the internal cabin. These a reas  a r e  a s  follows: 

Directly beneath and to the left  of the midline of the tunnel - 28 in. wide by 
3 16 in. high by 9 in. deep (2.5 ft ) 

e Directly beneath and to the right of the tx-me1 edge - smal l  item storage 

o Directly beneath the window - 40 in .  \vide by 32 in. high by 16 in. deep 

(12 ft3) 
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To  the r i g h t  of znli above locr-l;on ~.:.lli:re bilelqacii i s  sto7veil tei.npcir;~rlly- 
3 

32 in,  wide by 32 in ,  h32h 1 ~ 7  16 in ,  CICGP ($1, 5 ft ) 

If the IILIBLP4S xve:-e deployed for  operation in t f ~ c  FCB/E, there .cvcinld bc only rninln~tll 

room fo r  two persons. There is no filtered c o m p ~ r t m e n t ;  hence,biochemical analyses 

involving liquids would have to be designed with special c a r e .  It appears possible to 

stow a l l  of the IhIBLPIfS within the IZCM; however, little space would be available for  

any other engineering o r  scientific measurement equipment, 

4 . 2 . 3  Multiple Docking Adapter (MDA) 

The MDA is a cylindrical pressure  vesse l  approximately 17 ft long. It is cantilevered 

from the Ah3 s t ruc tura l  transition section (STS) a,t one end and tapers  to an axial dock- 

ing port  at the other end. Four additional docking ports  a r e  spaced at 90-deg intervals,  

radial  to the cylindrical section. A grid floor, normal to the longitudinal a i s ,  is lo- 

cated approximately 23 in, below the centerline of the radial  docking port .  Four flat 

grid walls, paral lel  to the longitudinal axis, a r e  mounted bekveen the STS and the grid 

floor. Experiments and equipment can be mounted on both sides of these walls. 

3  Approximately 800 ft is available in the MDA for equipment storage; with equipment 
3 installed, there is approximately 5 to 6 f t  of free-swept volume extending clown the 

length of the 13.5-ft, constant-diameter cylinder. The diameter of the hatch t o  the AM 

is approximately 40 in. ,  permitting transfer  of experiment equipment packages of up 

to  20 in. by 30 in. by 40 in. Once on orbit,  the MDA will be provided with a two-gas 

atmosphere, and umbilicals will be provided to receive power and data management 

control from the AM. Astronaut tether and mobility aids will permit experiment 

operation a s  well a s  dismounting and transport  of experiment packages. 

There is sufficient available volume in the MDA to  conduct the lMBLMS experiment 

program in the e - ~ s n t  the OW§ i s  not habitable. With the possible exception of the 

tary chair,  adequate free-swept volume exists for conduct of measurements employ- 

ing the larger  experiment equipment. The crew experiment stations can be se t  up and 
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deployed in  t11e &IDA with miniit~llnn restriction "c oerccv pa ssagc5. "The ?vlUii. appcJ rs to be 

the best spacecra~"cfor backup to the O L ~ E  101- I%il3L>-73 experiments and 111633 surern n i  s . 

4.2.4 S-IVB Orbital T;irorkchop (OW§), Wet Concept 

The OIVS is essentially an S-IVB spent stage, purged and readied for  estronaut occu- 

pancy. The LH, tank used for manned activities is approximately 22 ft in diameter 
L 3 and 26 ft  long (16,460 f i  ). A flat, open-mesh partition, both sides of which a r e  usa- 

ble a s  a Iloor, is installed approximately 96 in,  above the common bulkhead and per- 

pendicular to the tank wall. A ceiling consisting of pre-installed handrails will be 

located between the floor and the common bulkhead, 78 in. from the floor (Fig. 4-2). 

A cloth ceiling, between the handrails and the common bulkhead, wi.11 be installed on 

orbit. Pre-installed walls will partition the volume between the floor and ceiling into 

five conlpartments - bvo for sleeping and, one each for food management, waste man- 
3 

agement, and experiments (the latter 1,300 ft ). The food and waste management com- 

partments a r e  enclosed to prevent odor and liquid contamination of other a reas ,  and 

each is provided with a venting-fan system. A port with a diameter of approximately 

3 in, is provided through the insulation and skin of the LH2 tank. A valve is mounted 

in this port for disposal of biological waste and to provide a vacuum source for experi- 

ments. A h a r d l i ~ e  voice communication link is provided from the OWS via the AT3 to 

a l l  modules of the Cluster. Pre-installed wiring distributes electrical power and data 

management to selected points in the OWS. 

Experiment equipment will be mounted in the OWS crew compartment experiment area -- 

either on the grid floor, on grid walls of the crew compartments, o r  on special mount- 

ing ra i l s  between the thermal curtain hat sections on the tank wall. Equipment packages 

will be transported to the OWS from the MDA, through the AM, and down the "fireman's 

pole" into the crew compartment for  subsequent installation, set-up, and operation. 

There is more  than adequate volume in the OWS crew compartment experiment a r ea  for 

the installation and operation of the IMBLMS, including the large peripheral measure- 

ment equipment i tems.  
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Fig. 4-2 Saturn-IVR Orbiti21 Workshop - Wet Concept 
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4 . 2 - 5  s-L"JB Orbital Worksl-~op, Dry  (or Grourrd-F"it~d) Concept 

?'lie S-PV'E OWS, i:~unclic.d in a cir )  ~o~~~;grtr;i"Liijn, i s  c~ser:tiaIiy nil e v o i ~ ~ ~ i i ~ i l a ~ y  appli- 

cation of the S-WE! structural shell - lnoaified and ground-outfitted for use a s  an orbi- 

ta l  laborato~y.  Station docking facilities a r e  provided with a modified hlultiple Docking 

Adapter Module (MDAM) mounted in the Wit attach fittings forward and the single-docking 

AM on the interstage conical surface aft. The docking adapters accept norma.1 CSM--LP/I 

docking fittings. Exterior module. operations and EVA a r e  centralized in the forward 

region of the station m o d ~ ~ l e  around the MDAM. A secondary dock and EVA port is lo- 

cated in the aft in te~s tage  surface. The central region of the station module (S-IVB 

pressure  vessel)  contains the crew, control, and internal laboratory facilities that 

operate in a shirtsleeve environment. In addition to the internal experiment labora- 

tories, the major experiment installation occupies the entire truncated cone of the 

S-IVA/S-I1 interstage aft, a volume of 8 , 5 0 0  ft". The astronomy module and the 

Earth-sensor module a r e  environmental vo11.1mes with direct c r ew access from the 

oxygen tank for maintenance and servicing. Exterior doors on the module provide 

direct exterior viewing after the atmosphere has been pumped back into the main sta- 

tion for storage. The remaining experin~ents require only occasional access tlirough 

crew EVA, and a r e  space-exposed with aft o r  side viewing by boom extensions from 

their stowed position. A limited number of experiments a r e  externally mounted, and 

a few a r e  stowed in the MDAM and launched through an a i r  lock in the forward face of 

the MDAM. 

The internal station module arrangement consists of three major pressure volumes: 
3 3 3 MDAM, 1,450 ft plus 120 ft in the EVA airlock; S-FIB hydrogen tank, 10,458 ft ; 

3 and S-TVB oxygen tank, 2,827 ft . The oxygen tank is an experiment laboratory r e -  

gion; it  services the external aft experiment installation and the aft airlock module, 

with crew pressurized access to the Earth-sensor module; the astronomy module; 

and the aft airlock module. Three full-deck levels and a centrifuge occupy the hydro- 

gen tank (Fig. 4-31. Two of the three deck compa:tments a r e  devoted to crew habits- 

tion; one consists of the galley and wardroom, while the second is the hygiene compart- 

ment (two toilet facilities and space allocation for a crew shower and laundry facilities). 

The third compartlnent i s  the corimand and control center. 
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Section 5 

DATA MANAGEMGNT 

5.1 SYSTZPII APPROACH 

The WBLMS data management element of DIBLMS was designed to provide the fol.!o:v- 

ing characteris t ics  and meet  related requirements: 

Minimization and simplification of astronaut manual tasks by means of 

automatic data routing, analysis, and display 

@ Flexibility fo r  e'xpanoion 

e, Capability for  on-board measurement modification 

e Instrumentation design parallel to that of AAI? 

A design which reduces the number of manual tasks to be performed by astronauts 

promotes astr0nau.t efficiency and system acceptance by the astronaut. Similarly, a 

design providing simplicity in operation tends to complement these goals. Auto~natic 

data routing, analysis,  and display a r e  additional s teps towards accomplishing this 

efficiency for  astronaut/experirnenters and, in the case of an estronaut/physician, 

constitute a means of providing accurate on-orbit data for  his  immediate interpretation. 

To achieve flexibility for  system expansion i t  was first necessary to design a total data 

management system. Such an approach permits  easy subdivision for the purpose of 

incremental measurement (as  required) support. A capability for  on-board meaaure-  

ment modification was provided through the use of high speed random Lccess multi- 

plexing equipment and multipurpose digital displays. 

Current  AAP instrumentation design concepts axbe not sufficiently concrete to permit  

the LMBLMS to become completely dependent on such a system. As a consecluenee, 3 

paralleling of the current  A A P  instrumentation design requirements, with close 
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nronitorin;: of tlrcse I-ecjuireruetits, 1 ~ ~ 1 1  rebult  ~n dl r  l3iiiL:vES d:itn dcrtuis~tr i l r i  s j  stcrir 

:trhich be readi ly  zdnpted to the l l r lP e r j r r l p r n t ~ t ,  h r iiqt;geover- u:i:!l i3e possi1:lc~ 

in either the design stage o r  during trle early hardylzre stages. 

BASIC CONFIGURATION 

A review of all  the biomedical nleasurement functional flow diagrams yielded a s e r i e s  

of requirements for  acquiring, processing, displaying, recording, and forwarding data 

to the ground. Once the data reaches the ground it is necessary to convert this infor- 

mation into an understandable format for  analysis and interpretation by the principal 

investigator. On-orbit preformatting of the data miiiimizes the latter task. These 

various requirements for handling tlie measurement data were g r o ~ p e d  into a data 

management element, and a functional flow diagram (Fig. 5-1) was created to indicate 

their intesrelationshjp. Each of the gross  functions on this top level diagranr was sub- 

divided into more  precise functional requirements f rom which specific i tems of equip- 

ment were definable. Where a function provided alternate choices for  subdivisions 

or  alternate choices for  equipment to fulfill that function, tradeoff studies were performed, 

Figure 5-2 presents  an equipment block diagram of the entire  data management system 

a s  evolved from the functional flow diagrams and associated design requirements. 

Signal flow between each of the equipments and to and from the spacecraft is indicated. 

Technically, the dynamic physiologic monitor is not an integral part  oi data manage- 

ment; however, it contains the combined analog / digital (A/D) data recorder of the 

data management system, and it  represents  the nucleus of a gso~vth o r  backup opera- 

tional capability. Equipment of other lMBLMS elements that interfaces with the data 

management element is shown in the dotted blocks of Fig. 5-2. Interconnection with 

the biochemical station is currently not a well-defined requirement; however, more  

accurate t ransducers for  the conversion of biochemical phenomena to voltage equiva- 

lents a r e  under development, and the need for meeting their potential interface r e y ~ t i r e -  

ments cannot be overlooked. 

LOCKHEEB MISSILES & SPACE COMPANY 



P
R

O
V
ID

E
 D

A
TA

 
hZ

A
N

A
G

E
M

E
N

T 

IM
B

I.M
S

 1
.5

.1
 

ST
O

R
, 

S
P
E
C

IM
E
N

S
 

S
P
E
C

IM
E
N

S
 T

O
 

IM
B

LM
S

 1
.5

.2
 

I 
I 

I 
I IM

B
LM

S
 1

.5
.1

0 
I 

IM
B

LM
S

 1
.5

.3
 

D
IS

P
LA

Y
 D

A
TA

 

iR
4N

S
FE

R
 D

A
TA

 

4
 
r
 

IM
B

LM
S

 1
.5

.7
 

IM
B

LM
S

 1
.5

.9
 

IM
B

LM
S

 1
 S

.1
3

 

TR
A

N
S

M
IT

 D
A
TA

 
R

EC
EI

VE
 D

A
TA

 
A

N
A

LY
Z

E
 D

A
TA

 
TO

 G
R

O
U

N
D

 

m
 

IM
B

LM
S

 1
.5

.4
 

PR
O

C
ES

S 
D

A
TA

 
iM

B
LM

S
 1

.5
.1

2 
E
V
A
LU

A
TE

 D
A

TA
 

A
T 

G
R

O
U

N
D

 
D

IS
P

W
'I 

D
A

TA
 

S
TA

TI
O

N
 

M
L

M
 1
.5

5
 

5
 

1 
R

EC
EI

VE
 G

R
O

U
N

D
 

C
M

S
~

L
I~

E
V

A
 

!N
F

O
R

M
A

T
IO

N
 T

O
 

IN
F

O
R

M
A

T
IO

N
 

I 
] SP

AC
EC

R
b.F

T 

I 

F
ig

. 
5-

1 
P

ro
v

is
io

n
 o

f 
D

at
a 

M
an

ag
em

en
t 
-
 F

un
ct

io
n.

 1
.5

 



5-4 

LOCKkiEED M I S S I L E S  & SPACE C Q M P A N Y  



Figure 5-3 prcserrts a f r an l  vie%- of t\ar data ?nitrfiagelncnt rl1udu1i.s. 'These moc iu l e~  

include tile following equipment: 

o VLeo cameras  and a microscope 

@ Video r e c o ~ d e r  

e Combined video and oscillographic display monitor 

cs Numerical data entry panel 

(P Memo recorder  

%a Digital data processor with input keyboard and associated displays 

e Timers  

@ Spacecraft telemetry controls 

a New combined analog/digital magnetic tape recorder  (previously indica- 

ted a s  a submodule in the dynamic physiologic monitor). 

All of this equipmest is not needed to support an GL"LBLI1IS which might have very limit- 

ed measurement requirements (e. g. , safety o r  clinical monitoring only in contrast to 

a comprehensive measurement and analysis capability). 

The dynamic physiologic monitor, by virtue of direct  input connectors and i ts  tape 

recorder ,  can display and record (jointly or independently) blood p ressure ,  heart  rate ,  

EVA suit  pressure ,  sui t  coolant flow, pC02, and body temperature. This modu1.e is 

portable and also contains i ts  own calibration/monitor oscilloscope. Other biomedical 

modules will also be designed with direct  sensor input connectors to permi t  backup 

operation in the case of a data management system malfunction. Independent use of 

the dynamic physiologic monitor and the vascular  dynamic module will provide a 

part ial  clinical monitoring capability. 

5 . 1 . 2  Growth Potential 

Growth from this basic configuration can be accolnplished through the addition of ; pro- 

c e s s o r  module and associated junction box with interface switching. This addition can 

provide a gross improvement in the on-orbit capability for  processing and displaying 
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Fig. 5-3 Data AInn:xgiinicilt Controls ~.r>d Uispl?ys 
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data. Tr,?r?sduces inputs  car thus be very  a t : c ~ ~ i n t e l ~  :;anrj,lecl, copzvcrtecl to a digil;:l 

format.  and then displayed on or,c o,+ the t:::.ec dizital displays zssoctated n-itlr the 

processor.  The33 very accurate readouts - in the range of 0 .  1 percent ra ther  tha:r 

the 1 to 5 percent attainable with analog and FM/FM techniques - can be recorded and 

returned to the grou~id in digital forni. Computations, calibration curve fitting and 

correction, removal of redundant data, etc.  will be possible. Various measurement 

programs can be stored in the processor  memory to aid ill electronically routing input 

and output data, and activated by a simple entry of the appropriate measurement identi- 

fication a t  the processor keyboard. Fur ther  growth will be possible through addition 

of the video system, thus permi t  the on-board recording of microscope images and 

other visual observations and their  returned to the ground p r io r  to the end of a mission. 

The visual monitor asscciated with this system also provides four channels of standard 

oscillographic display, besides serving a s  a key element in severa l  behavioral tasks. 

Addition of the numerical data entry module, together with an alphanumeric printer ,  

enhances the recording of biochen~ical  data and improves considerably the efficiency 

of the ground-based Principal Investigator to provide the a s t r o n a u ~  with such informa- 

tion a s  digital uplink instructors o r  program changes. 

A memo (audio) recorder has  been added to improve the "no-hands" experimental data 

logging for  later  playback and entry into the system. Located just below the memo 

recorder  is a s e t  of controls for  remote operation of the applicable spacecraft  trans- 

mi t t e r s .  These controls a r e  designed to operate with the AM transmit ters;  however, 

adaptation to the USB transmit ters  in the CSM will be a relatively simple task. 

More detailed diszussion of the various data management equipment capabilities, needs, 

and uses, and related development s tatus and cost  aspects,  a r e  presented uadei- speci- 

fic equipment heading in the remainder of this section. 
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The data acc~uisirisn-recording czipabilities in both the Ah1 and Ob'S c a r r i e r s  n7ere 

considered for  D$IBL&iS use. The VI-IF tra.t?smitters l~roposed for these c a r r i e r s  were 

considered along v.~jth the possible use of one of the USB t ransn i t t e r s  in the C;;AI. The 

bandwidth available with the U3B transmit ter  permi ts  the t ransn~iss ion  of normal-scan 

o r  recorded and speeded-up slow-scan television pictures to the ground. Use of the 

CSM S-band transmitter is the recornrnended approach. 

5 . 2 . 1  Experiment Data Acquisition System 

The current  experiment data acquisition system (EDAS) concept provides inputs to a 

modified L4ilil pulse-code-modulation (PCM) sys tem with modified PChI recorders .  The 

PCM lllultlplexing format provides 2 or  3 channels with 320 sample/sec capability. 

The recorde r s  were modified from dual digital-track units to one digital-track and 

one voice (analog) t rack  unit, primaxily ta sample and record cardiac signals 

which require bandwidths of 0 to 100 Hz. Unfortunately, there is insufficient sampling/ 

recording capability in  this system to handle the simultaneous nine to ten 0-to-100 Hz 

input channels together with some 47 other inputs required during an IhIBLMS LBNP 

determination. 

5 . 2 . 2  Experiment and Housekeeping Data System 

A new experiment and houselteeping data acquisition system concept is presently ap- 

proaching development and Cluster application. This concept provides a much higher 

speed sampling with random access multiplexing capability expandable f rom 64 to 

1 ,024  analog inputs. Inputs from this sys tem,  following MBL3IS growth from i ts  

basic analog configuration to a digital system, would be very useful, although the mix- 

ing of experiment data with housekeeping data crea tes  ground decommutation and 

handling problems. In view of these potential problems, the CL'IBLMS design xvill 

paral lel  the new concept with an IMBLMS multiplexing capability, except that fe\i.er 
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5 .2 .3  Experiment Support System (ESS) 

This system, now in a conceptual stage, will provide the eight approved AAP experi- 

ments with a central location fo r  such components as stored electrocies and harnesses ; 

an electrode checkout device; utility monitoring and control; an automatic, blood- 

p ressu re ,  cuff-inflation unit; blood-pressure (systolic only) readout; and heart-rate 

readout. Since the ESS is designed only for  ear ly  experiment support, i t  is recommend- 

ed that the displays and other components, a s  applicable, be repackaged into the INBLMS 

configuration. 

The All1 will have 96 real-time digital command functions on i t s  UHF receiver  (u*-link) 

of which 18 a r e  presently unassigned. The IMBLMS, with aid of additional encoding, 

will use these 18 command channels for the transmittal of experiment change and coy- 

rection instructions, operation of an on-board digital printer  for  a communication link 

other than voice, and ground control of INIBLMS recorder readouts and other data. 

5.3 DATA MANAGEMENT RECORDERS 

Provision for  recording information is an essential aspect  of three IMBLh'IS techniques 

for  obtaining required measurement data. These techniques include analog-type data 

for  various biological parameters  , which a r e  recorded directly o r  converted to digital 

(PCM) format (for s torage and la ter  transmission to ground); a memo-recorder (i. e .  , 
verbal uscratch-nadu) enabling the astronaut to dictate notes for  la ter  playback and 

use ;  and the recording of video images by the IMBLMS TV camera  system. 

The analog-to-cllgital (A/D) recorder  will be a 3--speed, 14-track unit with playbar,k 

capability. Various transducers will receive stimuli from up to 58 distinct physiologi- 

cal  and environmental sources and this information will be recorded on 1 2  of the 14 

available recorder  t racks,  either directly o r  in an FM-multiplexed o r  cornmutated 
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mode. Thc two rclnlaining crrrelLs nil1 be utilized as a ldcii (for.  g r n ~ i n d  statrail syncbitro- 

nization) o r  Cor rtiriio cl:!I~. ( I .  c. , subjectr\i- eornrncnis i rade by rile ;tstror~zilt dur i z p  

tests) .  The video recoidei- is diseussiid subsequevtiy in ijection 5. 6 .  

To implement the recording of 58 simultaneous data inputs (channels) on the 12 avail- 

able t racks,  F M  multiplexing and PCPJI techniques will be used. The FhI tecllnique 

allows many channels of data to be recorded on a single analog track by using direct  

recording with a high frequency a-c bias. In the full system configuration (non-portable) 

each data input will be sampled a t  discreet ,  rapid intervals; converted to P C M ;  and 

recorded. Data inputs can also be displayed on the monitor/oscilloscope while being 

recorded to verify transducer operation and recorded status. To permi t  portable 

operatior,, four of the 1 2  t racks  will be retained for  recording direct  analog data (using 

IRIG FM techniques) and the other 8 will record digital data. Chznneis carrying data 

with a slow ra te  of variation (e.  g. , skin temperature) will be subcornmutated a t  a macli 

slower rate,  and injected into the sampling train a t  longer intervals. All data will be 

dumped on grc7und station o r  spacecraft command. The astronaut will be able to change 

tape ree l s  easily should retention of a particular r ee l  be desired.  

The memo (scratchpad) recorder  provides 1 h r  of voice recording a t  a tape speed of 

1 ips. It will be compatible with the astronaut microphone and earphones so  that he 

can record o r  play back verbal  notes a t  any time. Reels can be easily changed to r e -  

tain particular notes o r  to provide, perhaps, audio s tirnuli for  various behavioral. tasks 

5.4 DATA MANAGEMENT PROCESSOR AND INTERFACE SWITCHING 

Major aspects  of the requirements for  this aspect of the data management system in- 

clude an acquisition and processor function, modular gro~vth,  display capability. and 

interface switching. 

5 .4 .1  WIBLMS Processor  

WIBLMS requirements indicated the need for a data accluisition systenl and digital dat:i 

processor to evaluate and convert inconling analog signals for  display anrl/or 
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trnn:jmission to the ground. The processilr, i r i  i t s  Is:zsic coni"i~;u~*atLan, i v i l l  p e r f o r m  

a s  a dc?,ts eompr.cssor fo r  redscing fJle d ~ ~ t s  f ~ r  trnnsnlkssion or storage by elilrnii- 

nating redundant cata. 

Inputs to the processor will consist of 256 channels of either analog o r  $-bit digital 

words. The analog data a r e  multiplexed (sampled) and forwarded to an 8-bit A/D 

converter.  The output from the converter is then multiplexed with the $-bit digital 

words and delivered to the processor.  

The analog multiplexer will be designed with three levels of analog gates. Operational 

amplifiers will be used after the second and third levels. A zener diode is used a t  the 

inputs of each of the operational amplifiers to prevent the amplifiers from going into 

saturation if  a multiplexer input channel has an open connection, (e. g. , an electrode 

disconnecting f rom the astronaut. ) Programming of the processor will allow the selec- 

tion of the desired data compression algorithm. 

A general purpose airborne computer could handle these recluiremenls, but would r e -  

quire an expanded multiplexer and excessive time for  the removal of redundant data. 

Most computers of this type do not have provision for  modifying the program while in 

orbit.  Design of a special compressor/processor will best  meet  IMBLMS requirements. 

5.4.2 Modular Growth 

A modular expansion capability designed into the processor will allow an easy conver- 

sion to a full computational capability. Additional tasks can be performed with this 

add-on capabilityz such a s  data conversion for  alphanumeric display, recal l  of previous- 

ly processed data for  on-board analysis, and acceptance of ground instructions fo r  

display and program correction. 
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5. 4. 3 Display Capabil-ilj 

Three  digital di~;>lays will be provided for  read-c ut in ~neasurement  units tor  v:tr;-)us 

measurements. Alarm conditions will be easily detectable, and the astronauts \:.ill 

be alerted by visual and auditory means. Display of other l e s s  important spzcecraft 

and measurement information can be provided by comnlands from the processor  key- 

board. Digital values loaded into the various memories will be displayed before load- 

ing and may be unloaded fo r  program verification. 

5.4.4 Interface Switching 

The numerous sensor inputs and the interconnects from external equipment must  be 

easi ly connected to the PBDM station modules. The A I D  tape recorder and tlie pro- 

cessor  must  have signal access  to the various modules and many intramociule connec- 

tions will be required. Since a few of these connections need be permanent, the vsr i -  

ous interconnecting lines can be efficiently shared by incorporating a switchi1:g 

network. 

A trade study comparing manual versus automatic switching indicated that an elec- 

tronic switching system, controlled by the processor ,  is esseutial to performing these 

complex switching functions, and to maintaining astronaut tasks a t  a reasonable level. 

The electronic switching network will be controlled by commands from the IiCIBLi\-IS 

processor ,  and will allow switching conneetioncomma~ids in the processor memory 

to be easily altered on the ground o r  on-orbit, when required meet  changes in test 

philosophy and requirements. 

Each station module will require power connection, and severa l  have water and 

a i r -pressure  connections. The electronic switching network is incorporated in the 

junction box to provide optirncun switching capal\ility with a minimum of module ;ricer- 

connections, and to allow la t e r  modification of planned exper i m e n ~ s  and switching- 

network storage commands. 
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5. 5 DATA blANA GEMCNrG hI14NUAT~ DATA LENiI?L1Y r l K U  PL'LISrL'ESZ 

Many biochemical measuremetxts will recjuire s y ~ t e m  entry of numerical data f o r  

recording and for recording and for  intermittent tes t  data analysis. This information 

will be recorded for  delayed transmission to ground o r  transmitted on a real-time 

system. The data may also be printed on tape a t  a remote location (e. g. , the pro-  

posed LM teleprinter) o r  a t  a printer  located in the INlBLMS station. 

A trade study was conducted comparing the resul t s  of using a remote printer ,  an on- 

station printer ,  o r  none a t  all .  The outcome was a recommendation for  a line printer 

located a t  the PBDM station and providing an on-board hard copy of the intermittently 

entered numerical data which yielded a continuous record of the experiments. The 

accuracy of recorded results  and systems reliability will be further  enhanced by 

permitting the printer  to serve  a s  means of displaying ground commands and compute1 

output results .  A remote LM printer  could also yield a hard copy of the test  data, 

but it would not provide immediate visual verification of input data. Fur ther ,  the 

LM printer  may a lso  used for  many other functions, and the IMRLbE3 data could 

easi ly be obscured by other printed information. 

The actual process of manual numerical data entry requires simplicity of execution. 

high reliability, low time consumption, and possibly redundant data elimination. Five 

configurations were studied. including handwritten data ; a combination of thumbwheel, 

digit dial switches, and line pr in ter ;  the Apollo keyboard; a card  reader  system; and 

a typewriter keyboard. 

The least  complex method - handwritten data - presents  the greatest  difficulty in 

supplying reliable flight information to the ground, since it will have to be transmitted 

by voice. The more  complex methods, such a s  the Apollo keyboard, require new 

hardware development, a r e  more  expensive, arid add to the astronaut manipulatioil 

burden. Consequently, the combination of thumbwheel, digit dial switches, and line 

pr in ter  was selected fo r  IMBLMS data management purposes. 
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With this rnetlzod. 1l11mf.rie:il test nnlor~r-ii,;tic;ri 1:: eniereil by 121ea:2s 01 d q i t  S:L it chi)^ 

on the d a b  en tm I-ta lei. A " p ~ ' i i ~ t ' '  :o~xi~?i iiid re: u::s a verify in$ pi.;rltcci tap; 

which also ser\  ;.s a s  the on- board h a d  copy. E; rors limy be corrected with a  ear" 

comniand, and a new entry may then be printed out. An "enter" conilnand records 

the data while 3. slorzge buffer retains the lnfor~~ia t ion  for comparison with the nest 

entry to provide redundant data elimination when desired.  

5 . 6  DATA MANAGEMENT VIDEO SYSTEM 

The data management video system will serve  a s  the on-board sensing, display, and 

recording media for  information pertinent to  various biological, physiological, psycho- 

logical, and physical measurements, functions, and activities of the astronauts.  With- 

out some nlethocl of visual sensing o r  display, a serious degradation of both quantita- 

tive and qualitative information necessary for  a thorough evaluation of mission success 

will occur. Prec ise  hematological, urine,  and microbiological examination will be 

delayed until the end of the mission i i  a qualified laboratory technician/astronaut i s  

not available on-board the spacecraft.  Even the presence of a qualified astronaut 

may not eliminate the need for  presenting real-time data to a ground-based principal 

investigator. Close esamination of astronauts while performing ergometer ,  LBNP. 

and routine cabin activities, o r  fo r  time and motion studies, will be required on a 

real-time basis  to obtain meaningful and cornple te data on a s  trorlaut performance. 

Consideration was given to the sole use of motion-picture cameras  to supplement the 

nonvideo electr ical  sensors  but this was rejected on the basis that photographic infor- 

mation would have to wait until the end of the mission for  evaluation. However. such 

cameras ,  if available on-board the spacecraft,  could function a s  a very useful adjunct 

to a video system. 

A video sys tem is therefore reconlmended a s  an essential equipment for  inclusioc in 

the IMBLMS. Such a system, to provide comprehensive coverage of a11 the parameters 

involved, will encompass the following subsys terns : 
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a Cameras  (2 j  - 2 .  5 in. by 10 in.  , approx, 3 .5 - lb  tvi. jez, j ,  with C ~ ~ Y Z I I - : "  

control unit (8 in. , apprcsx 25-11-, wt) su!~::lyirrg po'iver to 

and process  signals f iom both camera  heads 

s Cornbinatiot~ video-monitor and oscillator disnlav unit 

The subsystem interconnect will permit  the video images sensed by the cameras  to be 

displayed on the monitor, recorded on the tape recorder ,  o r  sent  directly to the ground. 

Each camera  will have a distinct function, but these functions will be  interchangeable 

in case  of failure of either unit. The camera that interfaces with tha microscope 

will operate a t  0 .625 frames/  s e c  with a resolution of a t  least  1, 050 scan  lines. Since 

the frame/ line ra te  is a f~mction of bandwidth and will be designed within liinited 

bandwidth constraints (i. e. , for  use with CSM US13 equipment), the f r ame  ra te  must  

b e  lowered to provide high resolution for  a maximum medicaljbiological analysis 

capability. The second camera  will operate a t  1 0  frames/  sec  with a reduced scan 

r a t e  of 525 lines, again to s tay within bandwidth limitations. This second camera  

will observe the astronauts in the performance of their  various tasks, tes ts ,  and 

functions, and a higher f rame ra te  therefore must  be used in viewing this a rea  of 

potentially grea ter  activity (in contrast  to the observation of semipassive microscope 

specimens). 

Both cameras  will interconnect with a single control unit. The camera  control unit 

interfaces with both the videotape recorder  and the monitor/oscilloscope to provide 

individual o r  simultaneous video signal inputs. 

The videotape recorder  performs a dual function. It not only receives video input 

information for  recording but is capable of playing back preprogrammed tapes con- 

taining behavioyal tasks and tes ts  for  display on the monitor. The recorder  (4. 5 In. 

by 9 in. by 14 in. in size), will provide a minimum of 24-min recording/playback time 

and be able, upon command, to dump the recorded video information to a ground station. 
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Tile ,as t ro~~aut  x,yilj sXAe to exchange b p ~ s  and insert the behavioral tapes at  :\ii:tt- 

ever time is specifred i n  the mi s s ion  schedzle. 

. r  

The integrated vrideo-~nonitor/oscilloscope will display the video i n a g e s  pr ior  to o r  

during recording. It a lso will display, om a time-sharing basis ,  up to four analog o r  

digital (in PC&l  form) channels of dctta from  he A / D  recorder  to permi t  verification 

of the recordiiig. The monitor is a 7 in. by 6-1/2 in. by 15 in. in s ize ,  weighs 20 l b . ,  

and will be primari ly used for visually checlting the focus and clari ty of the specimen 

sl ides in the microscope/camera setup before camera  recording is initiated. Becord- 

ings in the active a rea  can be similarly verified. A dual persistence feature will allow 

either image o r  t r a c e s  to be displayed for  long a s  well a s  shor t  periods. 

5 . 7  GROUND NETWORK CONSIDERATIONS 

Much of the physiological data, and some of the biochemical. data (e. g. , white blood- 

cel l  count), should be in the hands of a ground-based principle investigstor in ne:xr 

real-time. These data relate primari ly to astronaut well-being and safety. Lf one 

of the astronauts is also a trained physician, i t  becomes more  important to provide 

accurate,  complete data by means of the on-board equipment. Daia relayed to the 

ground in the iat ter  case loses some of i t s  urgency. I\JevertheIess, this provision 

does allow for back-up diagnosis, more  thorough trend analysis,  and quicker ground 

response for possible measurement modification. 

Most real-time data, to be of immediate value, must  be transmitted directly to MSC, 

KSC, o r  Corpus Chr is t i  for  analysis and evaluation. Data transmitted to other ground 

stations will have to be recorded and then forwarded by whatever transportation is 

available to MSC, KSC, o r  Corpus Christ i  for  s imi lar  purposes. The related delay 

thus removes the transmitted data f rom i ts  real-time category. 
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The cornblna"cor1 oi Iiik3Lb"l ci,lt:i u ill, s ~ ~ ~ : e i 3 c r a i L - l - o ~ ~ ~ ~ '  .,, LC - j i ~ ~ : ;  ii;l~;1, tts IJYCV~O~~CIV 

mentiofied, erecltes turo problems 17irst rhis if11 ;?~c?d I tki,a ?oligc r I,Z, c xtracl 11 e 

IMBLMS meaeupement information from a dz t s  ~ t r e a m  :~nd,  second, i t  require::; :,ddi- 

tional equipment. X solution is availablk with the IRfBLLlS dat:! management capabi- 

li t ies.  The EbIBLMS processor can provide the data  to t i le  &!IBL?II,'IS recorders  and, 

ultimately, to tile spacecraft t r a l smi t t e r s ,  in various formats. One format acceler- 

ates  ground handling of lIVIBLI\.IS data (not cornbinecf with spacecraft-housekeel~ing in- 

formation) whereas another format (simultaneous) simplifies on-board display and 

measurement evaluation. 

In view of the foregoing considcrations, i t  can be seen that the IMBLMS data manage- 

ment system, through i ts  growth capabilities, complements both on-orlzit measurement 

flexibility and ground-based, data-handling requirements. 
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Section 6 

SYSTEM ENGINEERLNG 

6.1  GENERAL 

The overall IMBLMS concept consists of the following major elements: 

0 ~hysiological/behavioral/data management station (PBDM) 

@ Biochemical station 

@ Major peripheral measurement equipment 

0 Storage capability for  small equipment items and expendables 

Major items applicable to both stations a r e  individual modules, module storage f rames ,  

protective covers,  MDA support f rames,  and OWS ground-fitted support frames.  

6 . 2  OVERALL DESIGN CONCEPT 

The PBDM stztion incorporates five measurement modules organized around body 

organ functions, five data management modules, a support storage module for periph- 

e ra l  equipment, an interface and distribution system module that perrnits signal picltup 

f rom remotely located peripheral measurement equipment (and which provides hard- 

wire connection for stowed biomedical harnesses) ,  sensors and signal conditioners, 

and a junction box that permits the distribution of signals and and provide a separate 

routing for on-board power. Auxiliary support such a s  water ,  vacuum, and a i r  pres-  

su r e  is provided by spacecraft supply and will junction directly with the module 

involved. 

The Biochemical station requires four modules used for biochemical a n ~ l y s i s  and 

isotope monitoring, and for incubation purposes. It also requires two modules for  

use,  respectively, a s  a waste collection compartment and a storage space for a 



iilL)dult:: ;:cr.iri;.; :IS :: strpply stornge cond::i-i~~er and :rs i~ous ing  f o r  the eer;tri_i'nge, 

At launch the individual :nodules a r e  stored in single o r  two- o r  four-module storage 

f r a n ~ e h  , d e p c ~ ~ ~ l i t ~ g  on transportability recluirements. These storage f r a m e s ,  a s  

shown iil Fig. 5 1, a r e  housed ~ r ,  v~eldecf tu5ular MDA support f rames  held in level 

position by tcn;icr; members  which a r e  provided with a vibration damper (Fig. 6-2). 

Vibration isol~ltion is required for  this type of installation due to the launch environ- 

ment oi  the. Satlirn V Launch Vehicle. 

For thc S-JV3 c31VS, LMSC recommends locating the PBDM station in the Crew 

E:uperil?~ent Compartinerit (No. 1) and the Biochemical Station in the Waste Manage- 

mcnt A]-aa Col11~:artrnent (No. 3) .  (See Fig. 6-3. ) The modules transported from 

the hI1]~\ ill siiigle o r  two- o r  four-module units a r e  ~nounted to a welded tubular 

i'ramc vV7hich has been ground-fitted to the OWS. The f rame in turn is mounted on a 

set of ]-ails prc-installed on the grid-patterned OWS floor. The ra i l s  permi t  slid- 

ing the station:, away f rom the wall s o  that the crew members can easily reach behind 

the station for  access  to cables and plumbing. 

Peripht:l-a1 equipment i tems a r e  categorized by their  location with respect  to the 

IMDLMS. Some peripheral equipment (e. g., the VCG, ECG,  and blood-pressure 

cuffs) i s  locaked in an adjoining interface and distribution system module. This per-  

mits  ha~ti-wiving and d i rec t  interconnection to the j unction box. Other per  ipheral 

equipment, such a s  the TV camera ,  is stowed in the printer  module for  easy operator 

access.  A major proportion of the peripheral equipment (e. g. , the ro tary  chai r ,  

mass  measurement sys tem,  and ergometer)  will be stowed in individual canisters .  

The IMBLMS i s  arranged so  that this peripheral equipment can be brought up to 

either side of the station and, in some c a s e s ,  in front of the unit. The IMBLhIS pro- 

vides interconnection and distribution for a l l  p e r c ~ h e r a l  equipment, augmented by 

display and recording functions when required. 
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The establishment oi' engineering req~i l .eme!~ts  r e q u ~ r e s  the exainination of all  factor., 

that influence the EYIBLMS clesign concept. A flow diagram reflecting the system 

engineering approach that was followed is shown in Fig. 6-4. This approach i s  organ- 

ized around the special study requirements specified fo r  the Phase B,  Section I1 effort. 

It does not employ the detailed Phase C ~ n a l y l i c a l  studies, which will include thermo- 

dynamics, s t ruc tures ,  loads,  and dynamics; however, i t  does examine closely the 

special problems associated with IMBLIvIIS and the particular interface a r e a s  associ- 

ated with AAP. As shown in Fig. 6-4, the initial inputs were the previous efforts and 

definitions afforded by LV3Lh,IS Phases A and B ,  Section I. 

The AAP general experiment specifications and the design standard bulletins issued by 

the Manned Spacecraft Cri ter ia  and St,vldards Board were reviewed for applicability 

and the pertinent i tems included in the Master  Requirement Allocation Sheet (MRAS) 

with the emphasis on the specific approach to be u ~ s d  in the IMBLMS program to meet 

the stated requirements. Engineering data gathered during the study were  attached to 

the MRAS and governed the design effort in t e r m s  of developing equipment block dia- 

g rams  and station layouts. 

Major engineering requirements established were  a s  follows: 

e Grouping of measurement equipment in accordance with a specific body 

organ o r  c l a s s  of measurement 

@ Centralizing data management and c o ~ t r o l  so  that s torage,  recording, 

display, evaluation, and control can be acconlplishecl for  all  modules 

e Physical separation of physiological/'uehavioral measurements from 

biochemical measurements,  and provision of a filtered compartment 

for  those measurements involving liquid o r  gas 

Provision for  interconnect and distribution at the centralized PBDM 

station for all  peripheral measurement equipment, such a s  the LBNP, 

ergometer ,  and mass  measurement system 
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e Prelauilch filscnll:~ tron enp:rb~?:ity in the It CAI, i l l1 - LLi13, ;ilx(I &ID 4 

a Prclaunc?: install: ciun of st:lcior, ;upport irclmes in the OTYS 

9 ~ ? ~ u m e / m a s s  factor consistent with transportirig rnodcdes from the sIDA 

to the OWS 

@ Standard modules, defined a s  integrated plug-in units measuring 9 . 5  by 

9 .5  by 18 in. for the PBDM station and 9 . 5  by 9 . 5  by 9 . 5  in. for the 

Biochemical station 

@ Nonstandard modules to be dimensioned multiples of the standard PBDM 

module and s imi lar  in depth 

@ Submodules defined a s  (1) simple replaceable components of a module 

o r  (2) smal l  functional mrela ted  ur-its measuring half o r  quarter  of the 

standard s ize  and varying in depth, but not exceeding the maximum of 

the affected standard module 

ae Submodules to be removed and/or replaced only when the affected 

standard module is removed from its mounting 

6 . 4  EQUIPMENT BLOCK DIAGRAM 

The equipment block diagrams a r e  used to accomplish the transition from functional 

orientation, a s  depicted by the functional flow diagrams and the design requirements 

of the requirements allocation sheets ,  to equipment orientation. Requirements for 

calibration, a l a rm,  computation, maintainability, and reliability must be resolved 

pr ior  to creating equipment block diagrams.  These diagrams a r e  organized around 

the individual modules required for  specific body organ measurements,  summarize 

major components, and illustrate their interfaces with the complete system. They 

permi t ,  in turn,  the initiation of the next detailed design step of determining electri- 

ca l  wiring requirements,  harness  layouts, and detail schematics and design layouts. 

A typical example of an equipment block diagram is  shown in Fig. 6-5, which indicates 

the major compoilents required to conduct dynamic physiologic monitoring. 

The fxr-~tlonal flow dlagrarns and the system englneering analysis that preceded the 

equipnx '>lock diagram a r e  key englneering tools. The ci3mamlc physiologic nlonitor- 

ing i m p o ~ ~ s  unlcjue reyuirements on th~3 block dlagrarxls s w c e  r t  recluires ~ntr-rstatlon 

and dVA provbsions. 
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The top group of s e l ~ s o r s  v~I-iich are shown in Fig. 6-5 for  intr:lstaiion use :trc iinl;ed 

closely t~g ,e t ! ?~r .  Sensor I-larness co,ln?ctron fsr this  pcrlpberal ecjil~plncni; LS s ~ ; ~ o ~ > ; I I  

a s  a separtltt conriet:lion distin*.;uishi~lg it f ~ o : n  the ETJX unibilical coiluceticji~. The 

lntrastation and EVA group utilize the same sensors  a s  shown; however, the block 

diagram illustrates that separa te  harness  connectors a r e  provided. Computational 

requirements a r e  shown for  both cardiotachometer and respiration. The EVA-only 

category applies to sensors  and amplifiers located Gn the EVA astronaut. Two operat- 

ing modes a r e  illustrated - hard-wire umbilical o r  near-field telemetry. Display and 

a la rm circuits a r e  shown linked to their respective signal conditioning equipment. An 

instrumentation calibration oscilloscope i s  shown for gross  display of performance 

capability of individual signal conditioners, together with a signal generator  provided 

for  applicable calibration. 

6 .5  h/lAJOR ENGnEERING INVESTIGATIONS 

Critical engineering a r e a s  were identified and analysis performed in those a r e a s  

concerned with EUBL.MS installation in the RCM, LM -Lab, MDA , and OWS. Module 

design analysis covered handling, maintainability, calibration, and electromagnetic 

interference. 

6 .5 .1  Instailation Considerations 

Installation techniques considered were (1) initial storage in the MDA and subsequent 

t ransfer  to the OWS for  operation, (2) ground-fitted installation in the RCM and/or 

LM-Lab, and (3) initial s torage in the MDA with a capability for  operating the LiLIBLMS 

in that location o r  subsequently in the OWS. Consideration was also given to a com- 

pletely dry-fitted d-IVB, and this alternative i s  discussed in Section 6.10. 

Installation in the -- OWS. The installation of the system within the confines of the OWS 

shown in Fig. 6-3 i s  based on design requirements that the system will not be exposed 

to the launch environment within the OWS, The mounting f r a m e s ,  therefore,  can be 

designed to an ultimate load of 1 g in all  direct ions,  or to the expected handling loads 

in an Earth environ-ment, whichever i s  grea ter .  

LOCKHEED MISSILES I?i SPACE: COMPANY 



The PIID541 station is toe:tted i t1  the C r e w  Experrliient, C;on1p~~rt1~1el\t (NO, 1) ;LXIC~  its 

nlodules are mounted to  a i.ielded tu'oli1;ti- f r a m e  which is fitted into a set of :-:ills 

installed on the g r i ~  patterned OWS floor. The emjity tubular trarne and the ra i i s  

a r e  illstalled in the OWS before l a u ~ c h  and therefore experience the launch environ- 

ment in only an  unloaded condition. Tile ra i l s  make it possible to slide the station 

away from the wall s o  that the crew members can easily reach the r e a r  of the unit 

for con:lection and discor~nection of cables and plumbing, and for maintenance, thereby 

providing greater  flexibility in the crew experiment compartment. 

An alternate version of the pre-installed, tubular-frame design is a collapsible f rame 

concept which would be carr ied  to orbit in the P,IDA o r  RCM and, after  purglng, t rans-  

fer red  to and installed in the §-IVS OVv'S.. However, preliminary investigation indi- 

cates that this approach involves a weight penalty an increase in station setup time of. 

Installation in the MDA. The installation f rames  for the Biochemical station and the 

PBDM station (Fig. 6-1) consist of welded tubular s tructures mounted against the 

inside of the octagonal payload mounting structure which is attached within the MDA 

by means of hinge pins. The frames a r e  held in level position by tension members 

equipped with a vibration damper (Fig. 6-2). Vibration isolation is considered neces- 

s a r y  for  this type of installation because the equipment will experience the full launch 

environment, yet it cannot be mounted permanently by means of bolts o r  s imilar  attach- 

ment because quick arid easy removal and replacement a r e  required by the orbital 

environment. Although the r e a r  of the module faces the wall, quick comection and 

disconnection of electrical harnesses and plumbing can easily be accomplished by 

removing the ball-lock pins provided a t  the end of the tension members ,  and rotating 

the entire package 90 deg so  that the r e a r  moves to a top position. 

If the mission subsequently cal ls  for DIBLMS operation in the OW§, this removable 

type of installation provides the advantage that,  a.fter removal of al l  module units, the 

f rames  and tension members can be stored flat against the wall,  leaving a fair  amount 

of highly desirable empty space for astronaut rl~ovement in the MDA. When opera- 

tion of the m1BLMS in the TviIDA i s  not contemplated, i. e .  , when the MDA is used only 
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as a " L m s p r t a t i o n  i a e d i u n ~  for  the syqtern, the a1ti:rnate location for  t h e  13RDM 

station. as shokvrs above the 12iaei1emie:zl si;:;"con in F I ~ ,  6-1, corritl Ise eons~tlered,  

Installation in the RCM and 1,hI--Lab. -- The optimurn method for  installing the IhlB L V S  

in the two candidate c a r r i e r s  (RCRI and LM-Lab) is by ground installation. A limited 

number of niodules a r e  possible; h ~ w e i i e r ,  the major problem is the swept volume 

requirements of the major peripheral equipment, such a s  the LRNP and the ergometer. 

A pre-installed rack ,  that w i l l  permit  the removal and replacement of individunl 

modules is recommended. Such a rack  can provide access  to spacecraft power and 

communicatiun. It will be mounted flat against the cabin walls to afford maximum 

cabin a r e a  for  conduct of the experiments. 

6. 5 .2 Handling and Transportat.)ility 

To reduce the complexity of transporting the NBLRIIS from the MDA to the OWS, a 

packaging arrangement was developed that will permit  t ransferr ing single, double-, 

o r  four-module units. This approach reduces the mass/volunze problem since the 

maximum four-module unit, with an envelope of 19 .5  by 19 .5  by 18 in. , will weigh 

l e s s  than 150 lb. 

Methods of handling the modules were examined, and the following basic techniques 

show promise: 

@ Dumbbell technique (tying two modules together by a common support 

joint) 

e Shield s t rap  technique (permiting hand and a r m  to be inserted through 

two s t r a p s ,  affording maximum leverage) 

@ Pistol  grip (inserting pistol grip into structural  provisions on the 

modules) 

@ Handle integral with the module but recessed 

All four techniques can be eniployed in order  to minimize the number of t r ips  required 

to complete the installation from the MDA to the OWS. The recessed handle in the 

module permits  easy removal and replacement modales during operation. 



The numerous sensor inputs and interconnects 1r.t.m peripileial eijaipii~ect -milst be 

easily connected k t r  the PBDM station rnodtrles. The analog/digital (A/D) tape recorder 

and the processor must have signal access to the various modules; in addition, many 

intramodule connections will be required. Only a few of these connections a r e  perma- 

nent, and the various interconnecting lines can be efficiently shared by incorporating 

a switching network. 

A tradeoff study, comparing manual versus automatic switching, indicated that an 

electronic switching system, controlled by the processor,  is essential to the perform- 

ance of these complex switching functions, and to the maintenance of astronaut tasks 

a t  a reasonable level. The electronic switching network will be controiled by com- 

mands from the processor ,  and will allow switching connection commands in the pro-- 

cessor memory to be easily altered on the ground o r  on-orbit in order to satisfy 

changes in test  philosophy and requirements. 

Figure 6-6 shows the signal interface connections for  the PBDM station. Each module 

requires a separate power connection and a few require water ,  vacuum, and a i r -  

pressure connections. The electronic switching network is included in the junction 

box to provide optimum switching capability with a minimum of module interconnec- 

tions, and to allow la ter  modification of planned experiments and switching network 

storage commands. 

6.5.4 Calibration 

On-board calibratron equipment is  required for the IMBLMS to verify satisfactory 

equipment operation. In addition, provision mus tbe  made for calibration during the 

important mission phases of prelaunch, in-flight operation, and reactivation. 

Prelaunch calibration procedures will be consistent with preflight operations a t  KSC 

(Ref. 6-1). Two approaches have been analyzed: (I) ground calibration performed a t  
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~narxrrfneturer's p lant  and system clelivereci to KSC in nealed condition, or (2)  sy s t em 

assembled at KSC and systarn c:ilibra%io;: r*iiils per fo rn~od ,  The latter approach is 

recommended a s  ;he IR,IBLMS is an integrated syst9m and must be checked out with 

all peripheral equipment attached and operating. 

The following four levels of calibration wi l l  be used for IILIBLMS during in-flight 

calibration: 

es Check for operation 

e Qualitative calibration check 

@ Applied calibration 

s Adjusted calibration 

An example of the check for operation i s  the viewing of vectorcardiogram wavelorms 

on the CRT'. The qualitative calibration check will yield verification within 1 1 0  percent 

of the exact measured value. The applied calibration check i s  designed to provide cali- 

bration information for modifying calibration factors o r  to generate new calibrations 

for application to the data. Adjusted calibration is intended to aid in adjusting equip- 

ment for  proper operation. The three categories of calibration equiprnent required 

for lMBLMS a r e  a s  follows: 

e Transducer calibratiog. Accurately controlled and/or accurately 

measured sources of temperature, pressure ,  humidity, o r  other non- 

electrical quantities to be measured 

@ Electrical calibration equipment. Signal generator, voltmeter, cali- 

bration res i s to r s ,  and appropriate connectors 

@ Special calibration equipment. Equipment items unique to a device, 

such a s  the mass  spectrometer 

6 . 5 . 5  Maintainability and Safety 

In general,  a remove-and-replace maintenance philosophy has been established for 

the IMBLMS. Modules, submoddes ,  and critical components can be readily removed 

from the IhlBLMS crew station with a minimum of t ime,  astronaut skil l ,  and training 
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requirerr~er~ts .  This  philosopb,); is based oo ~afdrrnat ion derivei! f rom &?ASC stirdrcs of 

the type of operzticns 2nd ~ctr\:i-lie.s ast i  or13 tits ill h:ive to perfo3-in whi le  011 o r i ~ l L  in 

relation to the a m c x ~ n t  of available t ime,  training, i kill levels ,  scheduled and unschc d- 

uled nlaintenance , housekaeping requirements,  etc. 

The following basic maintenance concepts will probably be applied to the primary 

Cluster systems: 

@ Fault isolation by automatic o r  semiautomatic checkout 

o Restoration of subsystem to active status by module o r  submodule 

replacement 

e Limited repai r  by manual method 

@ Limited system reverification by on-board equipment o r  by ground- 

based equipment through existing communication links 

When considering maintenance on-board the c lus ter ,  allowance must be made for  sev- 

e r a l  constraints related to system and subsystem maintainability. One of the most 

cr i t ical  involves available t ime versus required time. Another relates to safety con- 

siderations and protection of operating systems.  Consideration must also be given to 

complexity of fault detection and isolation and the degree of correct ive action, the 

complexity of systems/subsystems revalidation after  maintenance, the skill level and 

training required of the astronaut ,  the degree of on-board maintenance capability, and 

the kind of special equipment being carr ied.  

Crew t ime i s  a major constraint. During 1967, LMSC conducted a variety of coinplex 

computer programs related to  on-orbit crew activities. Without exception, the corn- 

puter runs  indicatcd an overload of crew t ime.  

On-orbit maintenance and safety a r e  two major and interrelated aspects of the IMBLRIS 

design. Identification, classification, and analysis of hazardous events constitute a n  

integral par t  of the design effort. Cascading o r  internal niodule malfunctions a r e  pri-  

mari ly the result  of component fai lures,  electrical overlo:lds, shor t  c i rcui t s ,  and 
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power supply surges, The EtifBIlh'fS design i-herdore v;ili iscilate the f:.riltxrc to tile 

module concerned :ind: wlt"nin the rnocI.de, to ihe col?aponerxt in which the Sailnre has  

occurred. 

Several techniques have been considered for use in the IhIBLMS design. Input and 

output lines will be protected against surge by active circuits to bypass temporary 

over-voltage conditions, particul.arly with respect to delicate circuits. Current- 

limiting circu.its will be used to minimize damage to faulty circuits atxi prevent a 

severe  drain on power sources. Isolation diodes will be used to prevent data loads 

from feeding spurious pulses back to their sources. Separate power leads isolated 

from signal leads will be provided for each module. 

Maintenance requirements for  the IhLBLMS a r e  a s  follows: 

B, Removal and replacement of critical items 

0 Replacement of loose connections and/or fittings 

o Identification of failure points 

The i as t  requirement will be implemented by the integral calibration system for the 

IMBLMS. In addition, test  reference points will be established for each module, thus 

permitting the astronaut using a voltmeter to identify the possible failure point in 

gross  terms.  This,  in turn,  will permit the ground station to recommend the best 

possible corrective action. 

6.5.6 Electromagnetic Interference and Grounding Techniques 

Requirements regarding electromagnetic interference (EMI) grounding technique a s  

specified were reviewed and recommendations made for meeting these requirements 

in the IMBLMS design. 

The dynamic physiologic monitor may be used in the CM where its d-c power will be 

obtained from the CSM. The grounding technique to be employed will  implement the 
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spnecer;lft single-point ground reca~iirement :n i t s  cl-e power sys tem a11d wllb ;tv(jicI 

co~lpli i~g of power-fa.~"lt '"Lr~r~sie~iL~ inte t h e  CSJI groufidicg system. 

The two EMBLMS stations will have their primary power-input circuits isolated froin 

all signal circuits ,  including returns. A separate portion ol" the junction box will be 

allocated for power distribution, and separate connector provisions will be made for 

the individual modules. 

6.6 DYNAMIC PHYSIOLOGIC MONITOR 

The dynamic physiologic monitor module shown in Fig. 6-7 was selected a s  a repre-  

sentative module and laid out in detail. The module structure consists ,  basically, of 

a machined base plate with provision for mounting the faceplate, the r e a r  closure: 

and the module cover welded to it. Bracketry for  mounting of black boxes and inte- 

grated circuits is included in the base plates. All black boxes within the module a r e  

located so a s  to be easily accessible and permit maintenance and be maintainable s e r -  

yicing without the removal of other boxes. The tape recorder,  considered a critical 

item because its loss can mean loss of the total experiment resul ts ,  is considered a 

submodule which can be easily removed and replaced. The r ea r  closure of the mod- 

ule i s  provided with four bayonet-type electrical connectors and nvo quick-disconnect 

tube connectors. All connectors a r e  recessed in the r ea r  closure to permit the mod- 

ule to be placed on end without resulting damage to the connectors. 

The module cover is a U-shaped sheet metal cap which fits over and is screwed to the 

face plate a.nd the r e a r  closure. The top of the cover i s  provided with a recessed 

handle, large enough to permit a gloved hand to grasp the handle bar  without difficulty. 

The exterior of the module is provided with rounded corners so  that damage to space 

suits and injuries to crew members due to sharp  edges can be eliminated. Equipment 

located on the face of module includes displays and controls. Equipment located Ise- 

hind the panel includes a tape recorder ,  instrumentation calibration scope, signal 
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generator for  cn l ib~a t ion ,  cardiolaehon~eter  , respiro"clzel~orneter, przssure regdn tor  

for semiftutom;~tlc blood pressure ,  nnd T?,J reeecfver and derfiociralator fo r  EVA atid 

rotary chair near-field telemetry, The toca! %eight of the modtrle is  5(? !b. 

6 . 7  IMBLMS MCDULES 

Thirteen moduiles make up the complete PBDM station, and the complete Biochemical 

station consists of eight modules. A safety o r  clinical monitoring capabi1it.y and in- 

clude two modules from the PBDM station and three modules from the Biochemical 

station, plus a small  storage module. The five data management modules carl be 

combined with various other modules incrementally to increase total capabilibj. 

6.7.1 Support Equipment 

This inodule i s  a double-sided standard module. It provides the storage space 

required for such support equipment a s  blood-pressure cuffs, a 12-point thermistor 

harness,  paste, electrodes, an impedance cardiograph, and the limb electrodes, 

The remaining space represents a growth potential in stowage capability for support 

equipment. 

6.7.2 Interface and Distribution System 

This package, measwing 9.5 by 19 by 19 in., is a double-size module and performs 

the important function of interfacing with the subject, the on-board power, water,  

vacuum, and the positive pressure system. The module contains a vectorcardiogram 

vest,  an impedance pneumogram (ZPN)  vest ,  an electrocardiogram vest,  oral /ear 

temperature sensors ,  a phono- and vibro-cardiogram harness and microphone, a Eow- 

meter ,  an ea r  oximeter kit,  and respiratory masks and hoses. All these items pro- 

vide the interface with the subject. Four separate compartments within the module 

a r e  utilized to p rwide  the distribution of the power, water, vacuum and positive 

pressure fro-m the board system to the appropriate D t B m S  modules. 
L - +-d~ 

PAGE IMTENS'IQHALL"8BLANK 
6-23 

LOCKHEED MISSILES &k S P A C E  COMPANY 



6 - 7 . 3  Junction Box 

The junction box (J-box) 1s a double-size standar6 module ~"~h ich  functions a s  Lhe 

ceniral unit in the PBDI\.Z through which all the signals a r e  routed. It costains the 

electronic switching network which i s  controlled by conzmands from the processor 

and will allow an efficient sharing of the various interconnecting lines between the 

modules. 

6.7.4 Data Management Modules 

Five data management modules a r e  required for  the INIBLMS. These a r e  the vid.eo 

and display monitor, video recorder and t imers ,  manual data entry (including the 

memo recorder)  printer ,  and processor. The functions and equipment characteristics 

of each module have been discussed in Section 5. 

6.7.5 Dynamic Physiologic i\ilonitor 

This module is the most versatile of those in the IMBLXIIS, and can be removed from 

the PBDSI station and transported to remote s i tes  such a s  the Cb!, M I  o r  AXI. It is 

capable of obtaining standard physiological measurements (body temperature, heart 

r a te ,  respiration r a t e ,  and blood pressure)  and major,  cri t ical ,  pressure-suit meas- 

urements (suit flow and pressure ,  and pC02).  End-instrument calibration is provided, 

using a signal generator with display on a miniature CRT. Calibration scope selector 

is provided for all measurements. A tape recorder is included in this module a s  a 

submodular component. 

6.7.6 Behavioral Monitor 

This monitor has been designed to provide measu~ement  capability for  visual, 

psychomotor, and auditory functions. A manual tracking task is  used for evaluation 

of combined vestibular and psychomotor capabilities. The task display appears on a 
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1 CRT housed an one of t h e  data management znocluies, A vision tester is houset? in a 

i d storage ~onnpa~tnaent .  The scilsitivily of the subject to audl tsry stir11ul.i is nle;~sured 

with a prerecorded "Lap,  iislng an aiidlo mern;r~-i?~pe recorder .  l ;ychomotor fut~et isn-  

ing is  evaluated 5, means of a combination of silr,>le response buttons. 

6 .7 .7  Neurological Monitor 

This module performs tcvo completely separate functions. The upper part  Is designed 

to accomplish the vestibular measurements specified for the A A P ,  and the lower par t  

monitors the amount of oxygen and 60 in the blood contained in the capillaries a s  well 2 
a s  the measurement of the hydrogen ion concentration in the blood. 

The upper part of the module contains controls for the rotating l i t ter  chair ,  as well a s  

$he tachometer, accelerometer, and timers. The lower part of the module has two 

dual meters for respiratory gases and two for blood gases. 

6.7.8 Vascular Dynamics 

The vascular dynamics module is structured primarily to support peripheral measure- 

ments requiring relatively large equipment (e. g. , the LBNP, ergometer, and counter- 

measure devices) and to support associated measurements being taken while using this 

equipment. Timers a r e  provided for measurements requiring specific measurement 

time periods. All controls and monitoring of the measurements a r e  to be regulated 

by an observer because of the s t ress  level imposed on the subject. 

6.7.9 Respiratory Monitor 

This module has been designed to analyze the respiratory system. For this purpose, 

pressure gauges to measure 0234, 0232,  pN2, pH20, and pC02 and gauges to meas - 
ure volume and flow rate a r e  provided on the facr of the panel. Environmental concii- 

tions, such a s  cabin pressure ,  humidity, and temperature a r e  displayed, and controls 

have been installed on the same panel. 
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6 , 7 , 1 0  Bicsehemicnl Analyzer l 

This mociule i s  used for colorimetric .  nlicroscopic, and hen~~i toc r i t  nnnlysis, it 

c0ntair.s a colorirneter designed to accept plastic reaction bags and equipped with a 

wavelength selector ,  a11 on/ofi switch, a zero-adjust, and 100-percent adjust controls. 

The module also contains a distilled-water dispensing ~ m i t ;  a du:tl me te r ;  a vacuum 

port:  and a hematocrit unit,consisting of a conductivity m e a s u r i ~ ~ g  instrument, two 

electrodes to connect a blood capil lary,  an on/off switch, a zero-adjust and 100-per- 

cent adjust controls. 

6 . 7 . 1 1  Biochemical Analyzer 2 

This unit is used to perform eiectrophoresis analysis,  to determine the O2 and C 0 2  

values in capillary blood, and to  measure N a ,  K ,  C1, and pH in urine o r  serum.  For  

this purpose, the module contains an  electrophoresis power supply with a t imer  that 

turns  off the power supply a.t the specified time; an 0 2 - C 0 2  electrode assembly; an 

Na ,  K, C1, and pH electrode assembly; two selector  switches; and a dual meter .  

6 .7.12 Isotope Monitor 

This  module houses a scintillation counter used in radioisotope t race  determinations. 

A well c rys ta l  and spectrometer  a r e  used in determining equilibrium concentrations 

of Chromium 51 and Iodine 125 (if used for  the IMBLMS) and in the in vitro partition 

of 1-131, labeled triiodothyronine (T3). 

6 . 7 . 1 3  Incubator 

The incubator is used for  bacteriology studies, immunodiffusion studies,  and blood 

clotting. It i s  equipped with a temperature control and thermometer.  Because of the 

relatively smal l  internal volume required,  a large volume is  available for  insulation. 

This  feature,  coupled with the frequency of incubator use ,  suggests that the module 

be  in continuous operation thro~ighout the mission, thus allowing omission of on/off 

switch function and thereby increasing reliability, 
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6.7.14 Biochemical Vvraske Cuilee?iion Compartment 

This module is d:signecl to provide the necesssrv storage volume for waste products, 

such a s  used reagent, water ,  urine, and blood which must be flushed from measuring 

devices. If required, plastic bags with desiccants will be used. 

6.7.15 Supply Storage and Centrifuge, and Spare Module 

The supply storage and centrifuge module measures 19 by 19  by 9.5 in. and is 

physically divided into two sections, each measuring 19 by 19 by 4.75 in. These 

two sections a r e  joined by a hinge along one of their 19-in. sides. The other section 

contains the centrifuge which is designed to separate four blood samples into plasma 

and blood cells within 10 min. Speed controls a r e  located on the section external sur-  

face, and a safety interlock prevents the centrifuge door from being opened while the 

device is in motion. 

The spare  module provides growth capability and can be used to s tore  additional 

equipment a s  i t  is developed, o r  to store additional supplies. This module can also 

prove useful for  storing waste material accumulated during one test  day. In this 

case ,  the waste material could be tramsferred to the waste disposal module after 

testing is completed. 

6.7.16 Freezer  Module 

The requirement for storing body and waste fluids for on-board o r  postflight analysis 

a r e  met by a cryogenic fluid in a freezer unit, which operates in a temperature range 

of - 75" to 100"~ ' .  The fluid o r  gas ,  which fills all  the void space around the speci- 

men containers, i s  solidified by being subjected to a vacuum before launch. The 

temperature of the solidified gas is controlled by vapor pressure  with a pressure  

relief valve. 
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hsldatiol? is provided over  the surface of tlic unit, Associated eqlripment to be used 

with the freezer unit  is a win>- t  olurnc: rneasurzn~ent system n~o~l i f i cd  to permihAdr.dc- 

tion of aliquots of irritle. A liquid-gas phase ssparr tor  and a transfer system must piso 

be used to transfer samples to f reezer ,  reagent bags, o r  slides. 

6.8 SUMMARY O F  IIblBmIS EQUIPMENT 

Based on the preliminary design concept of the IILIBLMS and approved biomedical 

experiments on AAP,  a preliminary equipment l is t  (Table 6-1) has been developed. 

This l i s t  shows that a comprehensive biomedical nleasurement systern requires 977 1b 

gf equipment. Volumetric requirements for equipment storage a r e  a s  follows: 

Equipment -...... 

PBDM (13 modules) 

Biochemical (8 modules) 

Major Peripheral Equipment 

LBNP 

Ergometer 

Total body exercise system 

Body mass  measurement system 

Specimen mass  measurement (2) 

Rotating chair 

Pulmonary equipment 

Total 

Volume 
(ft3) 
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Table 6-1 

PREUhTTXARY EQUTlj?v?ENT LIST 

Dynamic Physiologic Monitor 
Vascular Moni'cor 
~eurological/Blood-Gas Monitors 
Respiratory &Ionitor 
Behavioral Monitor 
Junction Box 
Interface and Distribution System 
Support Equipment 
~ r i n t e r / ~ ~  Microscope Module 

illelno-~ecorder/&Ianual Data Entry 
Video and Display Monitor 
Video Recorder and Timers 

Video Recorder 

Biochemical Analyzer 1 
Biochemical Analyzer 2 
Isotope Monitor 

Bcdy Mass Measurement System 
Specimen IVIass IvIeasurement System (2) 
Rotating Litter Chair and Associated Equipment 
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6 .9  DEVE EGFMEI'TT STATUS 

f"our categories ivere esgfiblished to s1::11 :;i;irize the I;2(TBL?dhS l?,! ~*dr,varc cleveioprncnt 

status. These a r e  !A) Qualified for manned spacefli.;-'nt, (T;) Unrler developrnerit lor  

m,wned spaceflight, (C) Lrcboratory or cornr.erciA, and (D) Conceptuxl and/or research.  

Table 6-2 presents this information together with potential sources and estimated pro- 

curement lead times. Sixty-four major items were investigated together with such 

minor equipment a s  display meters,  and connectors. Thirty-one of the major items 

a r e  in Category C,  13 a r e  in Category B,  1 2  a r e  in Category A, and eight a r e  in 

Category D. Many minor equipment items a r e  included in Category A (e. g. , Apollo- 

type display meters a r e  applicable to the IMBLRIS modules). h a d - t i m e  is, in general, 

directly connected to the category. Longer lead-times a r e  associated with the 

conceptual/research type of equipment. 

6.10 JUSTIFICATION FOR AAP CLUSTER 

The effective utilization of a comprehensive biomedical flight laboratory such a s  the 

IMBLMS imposes unique requirements on an orbital space station. Vehicular systems 

reliability for  1-yr missions, facilities to accomnlodate multiple crews, intermittent 

rendezvous for  c r e ~ v  exchange and payload return,  and adequate spacecraft volume and 

power capabilities to  sustain an extensive measurement program in many scientific 

a reas  a r e  essential f o r  a cost-effective, space-research program. The AAP Cluster 

provides these capabilities. 

A comparison of the candidate spacecraft and their compatibility with the IMBLMS 

is presented in Table 6 - 3 .  An important justification for the A A P  Cluster is i ts  groivth 

capability. The direction and requirements of a research program such a s  the AAP 

can be expected to "change with the accuinulation of space experience. Even the degree 

of comprehensive planning that has characterized the IMBLMS Program, for exampie, 

can reduce but not fully eliminate program redirection. Because of the lead times 

required for the development of flight systems,  the growth capability of the AAP 

Clusteris essential to expedite the research goals of the PMBLhtS and other scientific 

progranls. 
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R e s p i r a t n ~ y  wave- 
f o r n  

Cn!ilirntio!i oscillosco[!c wiii 
!iou-er supply 

I l i - t i~,>r~olstors  and signal 
cond i l i~ner  

ZPG 

Vascular 
&!onitor Response ro exerc i s r  Ergometer 

I VCG 1 Frank lead VC!; 

Vl, CG 1 PCG 

Thoracic blood 
flow 

Cardiac output 

Vibrocardiograru and 
Phonocardiogram 

Ball is tocardiopam 

~ l e a s u r e m e n t  system 

Central venous J u w l a r  vain transducer and 
pressure I ampliiier 

Peripheral  venous 'Transducer and amplifier 
pressure 

Regional blood Shell device for  limb 
ilow 

Venous compliance Limb pIethysmo&~aph 

Arterial  pulse Transducer and s i p 4  1 contour ( con.tio*er 

Response to Carotid collar and controls / carotid stinilfiakion 1 

Gas analysis 

Long compliance 
r\irwav resis tance)  

\ lass  spectrometer 

P ressure  transducer, 
tlossn1e:ors. and mask - 

Blood/Gas Capillary blood S p c i t i c  ion electrodes 
hlonitor O2 and C 0 2  

I Blood pH Specific ion electrodes 

I Arterial  oxygen / Ear  0.ximetp.r 

- 
Neurological Human vestibular Rotating l i t ter  chair and 
Monitor function (311.31) associated equipment 

Nystagmus E NG 

Ocular counter- 
rolling 

Sleep analysis 

Diagnostic tests  

EEG 

lieuro kit 

(a) Status d e h i t i o n s  
A - Qualified for manned spaceflight 
B - Under development for  manned spacetlight 
C - Laboratcry o r  conlrnerclai 
D -Conceptual o r  researci i  

(b) Not get selected 

hlelpd B ' 6  

!US.:. ?F P C 

B i o s ) r ~ r ? s .  D 
Inc. 

Bic~s::s'cms. D 
Inc. 

Bios;siims, D 
hic. 

-. 

Beclanan 
Instruments. 
1nc. 

Bec~ll lan 

Inc. 
Instruments, 



1:. !' .,>*.* 4 ~b t , X I , , <  I..: \,a1 
13lC~.!>uaI-<l 
- -- .. - - - 
Sp:cisl i is lon test 
e:jlliprr%<n: 

Csc of cquil..-.,nt located in 
ot!ler modid-s [c .  g. . TV 
mirroscooc,  coninurer) 

T V  inollitor and Cathotie r ay  oscilloscope 1 ~$!?~~:on i to r i  a;lo;/di;ital ) 1 1 I 
displays 

I -- I Video Recorder  Displa:; of evt.nt .uulzricai iiispiay Apollo type 
I and T'imers and mission unit i i \  

Printer 

I elapsed l ime j I I 
Recording of ur ine 
and blood mic ro -  
scope p1ct1u.cs 1 
Urine and ~:ooci  1 
analysis  

Urlne and blood 
analysis  

Printed record  of 

V~dcotape rccorae r  

B1:croscopa 

Ti' camera  

Prlilter 

NII(ON 

(b) 

Clary Corp. I data 

P r e c e s s o r  I Enter  data 1 K e y  a i d  display -&I 

Blood and urine Speclflc ion electrodes I K. Na. C1. OH / ' ' ' I 

-- 
h ~ e m o -  
Recorder/  
hknua l  Data 
Entry 

- 
Biochemical 
Analyzer l 

3iociiemical 
Analyzer 2 

BIicrobiological, .\Iicroscope and accesso ry  / blood, and urine 1 i t ems  I 

.\Iicrobiology anand / Incubator a i d  test plates  

unit 

LhISC 
<il.ntai computrr  

(b) 
commenrs 

preservatio!l 

Collection 
Conxpartment 

C 

C 

Isotope 
bIoniLor 

F r e e z e r  

Peripheral  
Equipment 

Body hIass 
Xeasurement  
System 

Specimen XIass 
hIeasurement 
System 

Total  Body 
Ekerclse 
System 

C 

A 

C 

C 

C 

Beckman 
Instr iments .  
Inc. 

Blood and w i n e  ) Colorimeter 

14 

Weighing of 
astronauts  

11 

6 

20 

11 

20 

Rlood 

14 
and Centrifuge 

Urine specific 
gravity and 
osno la r i ty  

Radioactive 
t r a c e r s  in  blood 

Blood and urine 

Weighing of 
specinlens 

Hemotacrit 

I 

Exercise 

Blood analysis  Electrophoresis unit 

i 

Refractonleter 

Ikdioisorope counter 

F reeze r  

:tIajor Equipment Item 
I 

Source S t a h s  Lead T ~ m e  
(!no) 

Body mass  iL l~asure ruen t  USAF AALD B 8 
device 

Speclmcn mass  measurement  USAF, AXLD 

Cxerclse devlce 

(b) 

LAISC 

C 

D 

C 

10 

- 

24 

21 
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The lnlnirnal slti?lis and ntrnlL~r oi C~I:\V W T T ~ ~ I ~ C ~ S  required for an op"k-iorz:tl bionledicni 

progrmx, is dzgericIent oil =a evzl*xaiiio~; of future spacc cupc-riencc. The crew sizc, for 

the AAP Cluster :ail easily be exl~anded from thrce t o  six to nine if  required, t l ~ e r ? ~ ~ v  

permitting a wider range of on-board sliills and experimental subjects. The large 

number of concurrent experimental objectives identified for the A A P  Cluster will require 

extended manned space operations, thus ensuring the development of an adequate data 

base of man's spaceflight performance. 

The A A P  Cluster has adequate volume for the conduct of experiments in addition to 

reasonable living quarters  for multiple crew members. IMB1,BIS volume requirements 

encompass leased space for measurement equipment, controls and displays, and 

recording equipment, together with the swept volume needed to conduct provocative and 

continuous testing (e .  g. , in using the LBNP, ergometer 'and rotatj.ng chair).  Unlilte 

many of the scientific and engineering experiments, space for both an experimenter 

and astronaut-subject will be required for performance of some of the biomedical 

measurements. 

The IMBZRIS interfaces with spacecraft systems a r e  extensive. Requirements exist 

fo r  power, communications, life support, waste management and data handling. A 

separate filtered coinpsrtment is desirable for  the biochemical station in the event that 

liquid escapes during specimen measurement. Expendable requiren~ents ,  especially 

for  larger  crews and longer missions, a r e  sizable, necessitating frequent resupply for 

spacecraft systems smaller  than the AAP Cluster. I 
b 

Expendables fo r  the AAP Cluster can be supplied during rendezvous scheduled fo r  crew 

exchange (to provide incremental reentry and postlanding perfornlance evaluation) and IT &L 

f o r  the return of preserved biological specimens and experimental film. r 
k 

The principal a h m t a g e  of the dry-launch S-IVB is increased reliability. A pre l ia inary  

analysis indicates that the IMBLMS concept can be integrated into the configuration with * f 
t 

-iL a minimum of modification. Modular packaging will be retained along with the cockpit 

wrap-around design. The major advantages of this configuration arc as folloii s: 
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a Increased reiinhi!ity 

a Com2lele preliiuncb cheefi:.mt 

e Eliminatirn of MDA insiallstiori problems 

e Miniinal on-orbit transportability problems 

Weight savirigs a r e  not substantial (3 to 5 percent) since the major reduction occurs in 

the n~odule-carrying f rames used in tra~~sport i lzg the IMBLMS from the :\IDA to  the 

OWS. 

Ground installation would permit the design of a completely fixed station. The fixed 

station has slight advantages over the modular sk~ t ion  in terms of weight, volume, 

and cost which a r e  essentially offset by the ease of operation and msintainability of the 

m o d ~ ~ l a r  statioil. Reliability is considered essentially equivalent f o r  the two stations. 

A fixed station is not recommended for the Ih53LMS, however, since it will not provide 

the versatility, experiment and spacecraft flexibility, o r  growth/substitution capability 

of the modular ststion. 
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Section 7 

PHASE C DESIGN AND PHASE D DEVELOPMENT AND OPERATIONS 

Lockheed Missiles & Space Company has participated in the f i r s t  two phases of the 

DIBLMS Program - Phase A - Advanced Studies (Biolabs), completed in 1966, and 

WlBLMS Phase 1, Section I ,  completed in October 1967. (See Refs. 1-2 and 2-1. ) 

At the conclusion of the Phase B, Section I work, LMSC submitted a proposal on the 

IMBLMS, Phase C - an 8-month design effort (Ref. 1-3). Subsequently, NASA- 

Headquarters authorized LniISC to fulfill a Phase B, Section 11, Supplemental Agreement 

to the original P h ~ s e  B contract. 

During the extension period, 4 Dec 1967 to 16 Feb 1968, LMSC made significant s t r ides  

in refining measurement/equipmeni, the mcdular concept, station layotat, data rtlanage- 

ment, and system engineering. 

No significant changes a r e  recommended for  the Phase C proposal although relatively 

g rea te r  emphasis will be placed on the behavioral and biochemical elements consistent 

with NASA guidance since major emphasis was placed on the physiology element during 

the Phase B ,  Section 11 effort. 

In reviewing the Phase C schedule, (Fig. 7-I),  the time spans indicated a r e  s t i l l  con- 

s idered reasonable; however, i t  must  be recognized that long, d r a w n - ~ u t  uncertainties 

in Task  1 (Identifi Measurement Requirements) and Task 2 (Define Measurement Equip- 

ment Modules Requirements) would s e r i o ~ ~ s l y  jeopardize the engineering design schedule. 

Consequently, the major output f rom these two Phase C tasks must be completed and 

available to desigr, personnel 60 days after  I?hase C! go-ahead. In addition, the NASX- 

supplied GFE l is t ,  and c a r r i e r  and mission definitions, should be firmed up and 

established by mutual. agreeme~l t  a t  the s t a r t  of Phase C o r ,  at  the lztest,  30 d a y s  a f t e r  

Phase C go-ahead, in order  LO maintain the basic scheduie  p r e s e n t e d .  
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In t h e  schedule ror Pfictse D ,  a s  sIto:tn i n  Fiz. 7-2, the  training unit  presealcltl in  this  

schedule uilde-; the Phase C proy;i;isal (l;r;f. 1-3) kas bccn expanded, by veri;;li F,2FA 

direction, to inclide a neutral buoyancy unil 2nd 9,rt-task t ra iners  jsubassew.b!ies,, 

a s  well a s  the complete flight t rainer .  

The prototype unit, originally planned a s  a flight-type unit for  in-house use in resolving 

integration and GFE interface problems, is st i l l  recommended. It can be used a s  

backup for  the Training Program o r  a s  a spa re  system for  the Qualification Tes t  

Program.  

The two .MBLMS Qualification Tes t  P rogram units a r e  identical to the flight hardware 

and a r e  to be used f o r  environmental testing. However, i t  is a basic ground rule that 

hardware used for  qualification testing should not be flown because of possible over- 

s t r e s s  and reliability degradation occurring during the testing process ;  hence, the 

qualification tes t  units should not be considered a s  flight hardware backup. The 4--month 

time-span allocated in the Phase D schedule for  qualification testing (Fig. 7-2) there- 

fore assLwes the need for  two qualification units in order  to perform cri t ical  tes ts  in 

parallel,  although both units will not necessarily be subjected to identical tests .  

The use of only one qualification unit will extend this tes t  schedule by 2 to 3 months 

with a resultant equivalent slippage in the flight schedule. Further ,  if a failure should 

occur with only one unit available for  the test  program, a. much grea ter  slippage could 

result .  It is strongly recommended that two qualification tes t  units be procured and 

that major  support be afforded this portion of the tes t  program. 

The original Phase D schedule allowed for  a time span of 4 to 6 months between the 

delivery of flight hardware and f i r s t  launch. This time span is consistent with Lockheed 

experience on many successful NASA and Air  Force space efforts.  However, recent  

verbal  direction i r o m  NASA-Headquarters requests  a 9-month lead time between fhght 

hardware and launch. The revised schedule therefore shows the hardware deliveries 

occurring 8 to 1 0  months (at 1 month intervals) p r io r  to launch, which extends the total 

Phase I) program - f rom contract go-ahead to launch -- to 29 months compared to the 

originn.lly proposed 25-month program. 

LOCKHEED M I S S I L E S  13r S P A C E  COMPAl'j'f 



Adl~erence to the korzgoinl: Ph:.se (3 ancl D sei;i>duies 1i.112 p c ~ - r i ? ; t  :in iZli;i-l,:S filt;!~i i n  

mid-19'71 and thereby provide S'ASL'~ 3114.1 t11e selentdlc  corclmurrs& with its tsrs t  01): o r -  

tunity f o r  a compre tlcnsive evaluation of m a n ' s  p e r l ~ ~ r n a n c e  dur ing estencled spacefl i :ht. 
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1 * Tcchi, :oi Direction 

I.MSC 

1 .  Progrom Management 

2. Sptem Engineering ond Integro!ion 

3. Design 

4. Fabrication and A~ re rn t . 1~  

6 k n u f a c t ~ r i n ~  Plon:,irjg 

e Tooling 

e Engineering Mockup 

e Developnent Test Upit 

e Mars Mockup Uni t  

e T r ~ i n i r . ~  Units (Q) 

0 Qualification Test Units 

0 Prototfpe Un i i  

0 Flight and backup Units 

e Ground and Fi ight Support Equiwnent 

e Procesi Control 

5 .  Tes:s 

@ Test Planning 

Engineering Development 
Veri f icat ion Tests 

Design 

@ Accepronce Tests 

* Instaliation, Checkout, ond Time-Line 
Tests 

@ Quoli i icat iot i  Terts 

@ MSC Systems Test Support 

KSC Systems Test Support 

Postlounch Support 

Rel iabi l i ty and Wuoli ty Assurance 

e Planning 

-- 
Ports and b i la te i io i i  

I 

Define QA Lquirernents and Proceduier 

e Quai,'; Progrom 

7. ond Fomi1ioiiro;ic.~ I l l !  
I 

I I I I I 
' i  
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